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action of genes and induce specific changes in this,has been examined 
'.. . * 

by a number'of investigators in recent years. 
wds& 

Several systems, each 
A 

compcsed of one or more controlling elements, have been identified. 

that controlling elements are unit cw 
A 

apart from 

the genes even though they are ca:-ried by the chromosomes and reside at 

* 
specific sites in them, It was possible to &&E&B tl?is when it was 

learned that these elements may undergo transposition from one siteSo 

another in tne chromosome complement, It was further learned that 

the mode of control of gene action was a reflection of the specificity 

?; 
of operation of the individual components of a system and&the interactions 

that occur between them. it was learned that one such /\ Furthermore, 

system\aJould control'the action of different genes, in like manner. 

Fbr induction of operation of a particular system at a known gene 

locus, it is only necessary that one of its elements be inserted at a 

site within or close to thdlocus of the gene. This is shown in the 

two known cases of control of gene action by the element A& (Activator) 

at the g locus in chrcmosome 1 and the Bz~locus in chromosome 9 

(Brink et al, McClintock, 1956 a, b, c). * 
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* Footnote: 

Brink and his associates have used the term Modulator (Mp) instead 

of Activator (AC). This term was given to the controlling element at the 

be 
E locus before it was recognized to/the same AC element that operates - 

in the l&s--A2 system, first reported in 1947.) 

A system composed of the above mentioned AC element and a second 

element, designated Dissoaiation (Ds), also has shown that the mode of 

control of gene action resides in them Be controlling elements. In 

this system, it is the Ds element that becomes inserted at or close to 

the locus of the gene whose action is being controlled. The 0perat:on 

of this system at a number of different gene loci YY 

examined by the author (McClintock, 1947 to 1956) and 8~, iv 

OL . . at the Bz2 locus in chromosome 1 h 

investigated by ETuffer (195 ). This system also has been used for 

specific purposes by a number of &her persons ( Brink et al., 

Fabage; Schwartz, Oliver, Wotani, Peterson, 

,--- Dollinger, Sprague 1. 
i. . 

.~ *,, _  
.C 
.d The Suppressor-mutator (SJIJ) system is anoth:r ~ZW in which the mode 

-:. I ) ~., '*. 
y+f$ \ 

,,T z$ of control of gene action by its componenet elements could be examined 

3 \ 2 ' 
c. $2 at more than one gene locus. 



A2 in chromosome s,'haJZ& been comparedi Both Al and A2 are 

associated with the production of anthocsanin pigmentation in Flant 

and kcrnel.4 When a 
pjJ Qb@J 

,' x:lant or,Fernel is homoz:gous for-& recessive 
,,,d ; j,f%: ', 

allele, either al or a 2, no anthocyanin appears in plant or kernel. 

XdL 
A f 

When +332&+ are present, Wt& the plant and the kernel are d&ply 
(y&.4.0 SY a&+$( y.+&fL" fi?&@l @wd 

pigment. Wm, the Spm system of control a&s.e first at the 

..M 
A 

locus of A2 and in the course of m * of instaoility of expression of a 

A gene associated with chForophyl1 development, In this e, a number 

of plants of a culture were self-pollinated and on the ear produced by one 

plant,knrnels appeared that exhibited variegation for anthocyanin 

(2 O'h'C 
pigmentation. 

wJ ,\i$&& j&;‘!i~~ 
Z:?.ch showed areas of deep pigmentation, other areas of h 

w\a . ww 
#4 

tim pale pigmentation 1 .-we72 totally colorless. 

system responsible for the newly appearing&~ b y&4. 

variegation commenced with plants grown from kernels on the above 

4,LmdJ$~~. fh.qpa, ~~.~~~~~~ P-&y 
mentioned ear. It was soon realized that the4varieyationJwas initiated 

-b &?a clJwLvM% 
by some modification Sp the standard A2 locus in chromosome s“ae 

4 

could be exhibited id'plant or kernel whew the modified locus .I 
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was either homozygous or was heterozygous with the standard recessive, 

a2* The modified A2 locus was then given the designation a2 m-1 and 

study of it was continued, 

td- 
, ,An qo clear impression of the mode of ojberation of > the system 

responsible of a,"12 
,/' 

the silks of an ear of a plant carrying 
. 

the system responsible for control of gene action at a2 m-l received 

pollen from a plant that was homozygous for the standard recessive, al, 

carried in chromosome 3, and for the standard AZ, carried in chromosome 5. 

In this cross, all of thekernels on the ear were expected to be fully 

pigmented. This was found for all kernels except one. The exceptional 

kernel exhibited varic;gation for anthocyanin pigmentation. It had 

spots of deep pigmentation in a colorless background. The plant grown 

from it also exhibited variogation for anthocyanin pigmentation and tests 

conducted with it indicated that the variegation was associated with &j@ 

modification of the standard A1 locus that had occurred in a cell whose 

descendents produced the female gametophyte in the ovule that gave rise 

Th&- modifi 
E&4& 

to the original variggated kernel. & was then A 

given the designation al m-l and study of it was continued. 



Early examination of al m-l behavior suggested that a relatively 

simple system was associated with control of gene action but as the 

study progressed, it became evident that the system was far from being 

a simple one. Nevertheless, some appreciation of its mode of operation 

was gained during this period. At the time, study of a mc1 WM 2 

discontinued as no cluee had been grasped of tie mode of operation of the 
I 

system associfted with it. After the basic mechanism responsible for 

control of gene expression at a m-1 was recognized, study of a m-l 
1 2 was 

recommenced, with the expectation that some similarit$5mi.ght be found 

in the control systems associated with each. It was anr\n'reallzed that 

the mode of control of gene expression was essentially W for both 

m-l 
al and a m-l 

2 l 

With this in mind, further tests were conducted and 

these, in turn , proved that gene action at both of these loci was controlled 

by the very same system of elements. By means of these concurrent 

studies of a ml m-l 
1 and a 2 ' confounding aspects of behavior given by 

each,when examined alone,were resolved. It then became apparent that 

lack of recognition of the cyclically occurring changes in action undergone 

by the dominant element of the system, @4 
Suppressor-mutator (Spm), was-the 

ation of the 

These cycles of 



of change in ph$e of activity of Spm are responsible for many , 

different types of phenotypic expression that a-!,pear within individual 

plants or kernels and also for highly dqscrepant ratios of particular 

phenotypes that appear in progeny derived from either self-pollination or 

An outline of the mode of operation of the Spm system will be 

given here in order that the following sections, each dealing with some 

particular aspect of this, may be read with appreaiation of the operation 
A 

of the system as a whole. The Spm system is considered to be composed, 
{"J&J&,4&&-E Irp 

Y of two l35i@2 controlling elements. One of these is located 
A 

at or close to the gene whose action is being controlled, and in the cases 

under discussion, at t'ne locus of Al in chromosome 3 and of A2 in 

p&&uJe 
chromosome 5. The other controlling element, Spm, is located elsewhere 

4 

in the chromosome comnlement, T undergo++ transposition 

from one location to another,ir +h~ s ." . On different occasions, 

S& transposition has resulted in insertion of it at a site sufficiently 

close to a known gene marker to allow ready detection of the new location 

by mens of linkage studies with the marker: and its insertion at and 

tr:;nsposition from z+e&&ic sites in chromosomes 3, 5, 6, and 9 have been 

examined. 



It h.3.s not yet been proved that a transposible element resides 

at the locus of the gene whose action is being controlled by the Spm 

system. That this is te be expecte4 is indicated by evidence of the vn- 
"4 ..QJ‘l Y.N. r'r Q,u,f - 4 ~~&j&?~ Q+.!&&&~ 

presence of such an element at & gene locus obtained from study of 
4 

another two element control system, Ds- AC, It could be shown that the 

Ds element of this system is inserted at or near the locus of the gene 

whose action is being controlled by the system>and that AC resides 
i&& /$-L rt!,?d 

elsewhere in t'ne corq3le~:en-t. 0LA.k 
4 

Ds ia w transposible element', 

Again, the fact that a,-m-l arOse in a plant in which the a 
2 

m'l-Spm 

system was operating, and that the behavior of both al m-l and a m-l 
2 

are impressidly alike, strongly supports the assumption that Sh 
&ljJ &&J $ ts & tJ‘t$(&p &&&JJ- p4 /@f$&Lr.b~ 

R transp&sible element resides at each of these two loci a&U&a& & 

c&j4w+eLp*?L&.~JetI&, tid ‘4 

4 arose from insertion of this element, Eirst from an unknowrn location in 

the chromosome complement to the locus of A2 and subsequently to the locus 

of A 1. 

In each of the two cases under discussion, modification of gene 

action probably occurred as an immediate consequence of bnsertion of 

L&$qm&~ 
dili 

t44z~ controlling element at the locus. In both cases, -lx t&h ap? 3rs to 

have effected a reduction in capacit:T of the gene to contribute to 
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anthocyanin pigment formation. reducvd ca$city,!is ephibijted jh 

have 
c- In plants and kernels that PI= Al md A2 , anthocyanin pig:nent 

intensity is deep either when Spm is present or when it is ajxent, 

In contrast to this, pigment intensity is reudced in those kernels and 
~idJ&yJY +- &. 3; ;:u $ ,j!ii$') 

plants that are homozygous for the original st::te o-;' either a 
1 m-1 or 

m-1 CL j 4 
a2 or are heterozygous - the corresponding recessive 

* &wx bJ-iQ 
allele~uhene~e~,S~;ikgcafpsent or,,inactive sP When, however, s is present _ ~.__ 

i/ 
.-- -- _ . ..- ----".,__, -...-- -. -.- - 9 .-" 

.I 
/ 
I 

W  The constituticns of these plants would be: 

r 

m-1 or a 1 : A2A2 or A2/a2; al m-1 m-l 
Ia1 or a lm-l/al Cih4.l 

-‘i Q m-l or a 2 : AlAl or Al/al; 82 
m-1 m-l 

/a2 or a2m'l/a /::' 
_..~ --.- - - -.~. .--' 

in .~#j,NLq m "4 
and activek both plant4 and kernelf %Z these - constitutions, 

anthocyanin pigment formation well defined areas, 

-.__-____ ___. _ I... ._I Ul. lfdw 3 as. %ree 

distinctiy different types of events are responsible for the apposrance - 

of these pigmented arcc!s, The first of them is associated with some 
- l . 

;,. Q.,d 

m v b event occ:rring at the locus of the gene concerned either r ._ \ 'A 
m-l && & &Q&L7 fcJuAQ0 

a1 or a m-l 
2 as the case may be. % results in reestablishment of 

4 



the full or near full capacity of the locus to contribute to anthocyanin 

P* &5ihLJu -qcF 
l TheGeventz+occux~$ in individual cells whose progeny cells 

o-k& 
may then exhibit intense pigmentatPon. When tti40ccurs in a cell of 

the germ line of a plant , gametes may be formed that carry the locus 

GPG i-&&l G& -&ub 
aif 

d lit-4 
with restoredr,activity_, and iv may be detected the progeny. 

mw 
Tests of such w indicate that thli(g 

of gene expressionA'& in the presence and/absence of Spm. 
I n 

/\ me second and third $@3$z$ event/ 

@wJ t!JQ & ’ 
consequences of t&3 WW+-- are m di‘stinctly different. The first of 

fQqA.4 (Jq ~.~~~~~ tzfgi& u,&&.w~+~ @@LlJ 
these is associated with a s-g trans osit.ion of Spm&I 

&; i,&y IW ? 4 

fb 
blH 'c 

u sequent segregation of chratids at A mitotic anaphase, 

ul&~~m &fo&&~ lwdQJ2 
A '. 

The progeny cells arising from one in which 
4 

iJQ &yh ri :;d 
Spm has been removedAexhibit the reduced grade of pigment intensity 

A h 

P -4 
h 

i 
\IvIrc . ;' dt) ,no further change occur? aA ?-fif: l?d+ 

&j?$& q&Q &F;j& iJl/&A.o&b&@ h &&I&q f-&u&yltx ~.t&J, 

The third ty-pe of event gives rise to pighented aras exhibiting 

the very same phenotype as that just desacribed. However, the cause ad- CJ- 
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this is not removal of Spm from the nucleus but rather its complete 

'$2 
inactivation without change in locatin. The phen0Qpi.c expression@.&& 

A f 

b this inactivation w 
>J 

is stable as long as Spm remains in L&L& 

inactive phase, Return to the active phase ia some subsequent cell 

again will initiate not only suppression of gene action in the immediate 

progeny cells, OuNmfl but also it will initiate a++&~ the same round of events 

just described, Consequently, witl!:in some of the large lightly pigmented 

are'.s of a plant or kernel, smaller, non-pigmented areas may be formed and 

within them, in turn, both deeply pigmented and lightly pigmented areas 

may appear. Whether or not a variegated pattern of the Q,'pe just 

described will anpear following a particular inactivation of Spm, and 

E&i should it appear , just what t7fle of pattorn of tiariegation will be 

exhibited, depends upon the duration of the inactive phase of Spm. 

Following some inactivatiohs, the inactive phase may persist through 

many cell or even plant generaticns. Following others, the duration 

of the inactite phase may be short,with frequently occurr5ng returns to 

wb the active ph::se in some cells that a+e only a few cell genersations 
4 

removed from that in w3ich inactivation occurred. And, a large range 

of difference in duration of either ~JM inactive or the &active phase 

of Spm has been noted, 
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On the basis of the above description of events occurring at the 

&be ‘itfiq) 
locus of either al m-1 m-l or a 2 and/to the Spm elementA it is evident that 

0, 
& variegated patternf in4plant# may be simple and readily interpreted if &lb 

&j&id ;I, a!%4 twdi 
.rn @ II u dll~-af.i~ active 

q.Qtw+ ltthiG& 

A 
phase 

4' 
he t and if transpositior 

1 qhrabclp 
of it is infree.uent or does not occur during a developmental stages, 

? 

In contrast, the pattern may be vt-ry complex if the active ph>e of Spm 
aJ2%!Lin~-~xri&$~or)~~+ti(d~~J 

is of short duration or if tr-nspositions of it occur in a number of cells 
4 

rather early in development. 

When two or more active Spm elements are present, the frectuency of 
I 

occurrence of the mutation-inducing events at either a ~~~~~ 
1 or a m-3 

2 

remains the same, In other words, 
cLc4m 

the pattern of variegation U 
twtoltecp w4.h&44- /.-w&q -4JuJs increased 

'sgPV,iS by/dose of the Spm element. In contrast, 

bY the pattern of variegation induced by tnansposition or/change in phase of 

Spm is much altered by increased dose of Spm. The number of pigmented 

areas attributable to these events is decreased as the 8pm mumber 

increases. For this reason, the number of Spm elements in a plant or 

kernel &&&e&o dffeckin a marked way the over-all pattern of 

variegation,- IIOweVnr, '6 
in any one plant or kernel t&& exhibit 

% 

only that pattern of variegation attributable to muation at the gene 

locus,it is not pmssible to knww without test whether this Fattern is 



w% PP active 
produced becauseAtwo or more/Spm elements wt or because of the 

n 

presenc$ of only one Spm element which has a very long duration of its 
d.J@ 

()&& JpJ- If\ b -tIibbwI;r;lh~ tY4!wuf Q@J+ I- wa- a 

The time of change in phase of activity of Spm during development 

of plant or kernel also af patterns of 

variegation. With the orig:inal state of both a m-l and a m-1 
1 2 , mutation9 

m f"wbcLeP& 
to a full or near full Axpression of gene action -occur early in 

-4 

plant or kernel development if a fully active Spm element I& present q 

at the beginning of development. Such mutations give rise to large, 

& deeply-pigmented areas in b&h plant skernel. 

& 

However, if an 

inactive Spm is Gresent that returns to the active phase in some cells 
1 

w +kPH 
b& only late in development, only small areas v in which 

A 3 

it is active. These areas are characterized by the 

spots of deep pigmentation B in a non-pigmented background. 

Since mutation to full capacity of gene action w occur onlyAm Spm 

u@ 
of Spm&buld give rise 4 

dq+@- 

Pm@ 1 
pigmentationA within 

the restrictedAarecs in which it Is 
~~A~-&Q $!&C dJi O-U2 h , 

activ It is evidentA taker that the 
I 

tyje of variegation exhibited b;\: a plant or kernel may be-very 

if the Spm element in it is undergo?ng change in phase of activity at 
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at different time$s during development. It is largly because of this / 

that the early study of a2W1 lead to no clear understanding of the 

system involved in its control, although other conditions, which will be 

jz.&riL 
mentioned s&x4&y, likewise contributed to this. In contrast, 

. 

appreciation of the system controlling al mo1 behavior was more readily 
-9 ‘\ & 

c&w +ij 
atkained. The reason for t.3s is now eM.&x&. In the early studies of& 2 

investigated 3 it, the Spm element present in the plants/had a ve:'y long duration of itsi 

active phase. so few changes to the inactive phase occurred during * 
J9 

development that these did not obscure the generally corsistent 
&y 

t H? 
And, it was this consistent &'tem.-o h behavior $-wfp4~ 

W&at allowed interpretations to be drawn m 
4 

c) '2b Estates of aIrno and a m-l 
'I 

. 
One of the most of a controlling ':a 

t element at a gene locus is the modification W  induced by it that T 

d W I -. ' 
wi-lJ++&tie ti subsequentw\change either inPfrequencg o 

4 
0-L '* 

, before thi&modif ication,ioccurred. SFiXFEe each such modification is 

ay-of mutation in subsequent generations 
'4 M  e 2 bw \-_ n 
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and with respect to m-1 m-1 a 
1 and a2 , these are termed changes 1n state 

m-l 
of al m-1 or a 2 l 

Study of several different control systems Udicates that all 

ti@Q 
manifestations of change in action of the gene*&%? heritable M, 

whether it be a stable mutstion or an altered state, are expressions of 

modification induced by the controlling element of the system X%4&&&$ 

ces--eZ the gene. In a two element system such as AC-%, 

B-al t 
e&& 

En-palegreen, etc., &ke modification 8 

G&k response of thtielearent a WM to the presence of the 

independently located element of the sT:stem, which is Spm in the cases 

under consideration. Iherefore, a change in state of a m-l or a m-l 
1 2 

will occur only when this element is present and active and only at 

those times during development when mutation may also occur. A change 

in state is, then, only one of several possible consequences of a single 

response of the element associated with the gene to the presence of the 

complementam element of the system, 

that isolation of a newly altered state for subsequent examination 

requires that it arise in some cell of the germ lineand be present in a 

gamete. 'herefore, the chance isolation of a new state depends 



largly upon the time during development of aplant when the controlling 

element associated with the gene locus is responsive to the independently 

'il#lN&JhS~~IcBuI "1- .-. .- 
located element of the system and, indeed,: & time of this is one f' IO the 

M 
4 

ek' J.4 
distinctive expressions of4state, If,in a plant,the state/is MO& &k&t 

. 

it responds relatively early in development,and if such responses occur 

in sporogenous cells, a number of gametes may be producedleach of which 

carries either a mutation or an altered state. Both t;rpes of change 

may be detected in the progeny of this plant,and each may thereby be 

isolated for subsequent study. If, on the other hand, the state is one 

in which the element associated with the gene locus responds to the 

independently located element only very late in development of the plant, 

few or no gametes may be produced that carry either a mutation or an 

From new DQadQJh 
altered st&te, H&&z the former state, mr states Qould xr+se v 

d IA from 
n with appreciable frequencies whereas x&k& the later state they would W , 
id-l w- 

I 

~ either'very rarely or not at all. Ce 
d!Lbd-h 

w+i& the@ origin and isolation; &G&S evident that no conclusions zxs 
A . 4 

regarding relative stabilities of the two states are justified‘f'rom 
&,Japaqo;f :ll.f-qJb~a (f/J& ~AQib~ pc$.$m ' 

comparisons ofAt- _ l k?ith the latter state, as many changes of state 

-Y with the former but there is no way of detecting and isolating 

nrn -L 
1 fi ’ +. -* -. -_ I . 
i TheLbfsre , S.n this study, '8%X ea@h new 
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state was derived from one in which response of the element . NWCKH+W d 
1 

w-e lm to an active Spm occurred relatively early in 

plant development. 

As stated above, mutation to a stable expression of gene action $ to 

change in state & the consequence of4%esponse of the gene-associated 

element to Spm. Methods are available for determining the relative 

fr!:quency of occurrence of different types of mutation to a stable gene 

expression but it is difficult,if not iqossible,to estimate accurately 

the relative fret-uency of occurrence of modifications effecting change in 

4 2&+?c;~ & * * 
state. 

t& n This is because nnme~~h G ,"- 
‘A expression I&& 

from 
differs only slightly from that/which it origlnated,and it 

j-J 
difficult to detected:%&s 

4 

is often 

marked change 

~\h @p'are,(&n the 0th ' . . 

m-1 
al and a m-l 

2 

er hancfi) readily recognized,a++dqt is 

appea piwfee" 
that the owe of such/c&a+& states is 

with both 

consid-rably 

frequent 
less$$han the stable 

gene expression. 



From the original statelf a m-1, 
1 

whose gene-associated controlling 

element may respond to an active Spm very early in development, 18 

independently arising changes of state were selected. Each was 

those 
recognized in an individual kernel appearing on,<= eanthat developed 

when pollen of the original plant carrying a m-1 
1 was placed on silks & 

~0s plants that were homozygous for the stalhdard recessive, a 
iqfi.in Q$(#il N54J pJww+yu-. l& 

2 Observatinns were made of the variei;ated pattern in the plant derived 

Qrom eachJand each, in turn, was crossed to plants homozygous for a1 

in order to examine the expression of the modified a1 m-l locus in I;ks$D 

progeny. Swt%ests wr?re then conducted with the plants derived 

I  

from selected kernels in th&progeny 

@yix?W~ti 
expression in subsequent generations 

A f 

in order to establish th 'ode of T 

-;I 
W&&h regard to- of variegation, the 1.8 selected cases of 

change in state of ag m-1.- could be _ 

five main groups. The bt in the first group M characterized by some 

early occurring mutations to full or near full Al expression and very 
ll+LG!PhdLw~(eclh'v3, /@pl.ig &J&!i&s 

many late occurring mutations of this Qype,, In contrast, the original 

WA ‘@pLJ- 
state gives rise to many early occurring mutations to various41evels of 

&&&,, & Q@ 'A 

Al er ression W& 323 fewer later occurring ones, 
J 
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In the absence of Spm, the expression of the I&@ ad states in the4 

first group diffsra. With each, pig-lent developed slowly in the plant 

until it i$ quite intense but in the kernels, or$of the SB two is 

charact-rized by the anpc;srance only of faint pmgmentation wh'-:reas the 

In this regard, the I 

original state expresses a medium grade of pigment ir-tensity in the kernels 

in the absence of %rn, 

F-t44 &+&qJ&&~Q 

TA $ altered states %~#a second group, These wZi% 
4 

characterized by production, in the presence of %m, of late and very 

frequently occurring mutations in both plant and kernel, which usually 

gc?ve the full or near full expression of pigment intensity. Again, 

subdivisions of them could be made because of differences in degree of 

pigment intensity that were expressed in kernels in the absence of Spm. 

"our of the 18 selected altered states f&L1 tithin a third group. 

These IWFB characterized by the appearance, when Spm was present, of 
m*~-9.a)aM~G~~tiwd&-~*~@  

m occurrtilate in development of both plant and kernel,- 

nvLQ-QN.J~ b wt iJdu&J 
e frequency of4W w,much less than that &#e~.~-by members of the 

I 

group just described. Here, also, they differ% among themselves with 

regard to intensity of pigment appearing in W kernels when SPm WI+ k~ 

absent. 
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There m two altered states in the fourth group. Very few 

S@ 
mutations to an Al 

+dAQ fN!Audrul.;LelL-b+~m*ud, 
n either plant or kernels 

and all of them ar6se late in development 
A The remaining S/cases fall 

within a fifth group. In the presence of Spm, nearly all of the mutations 

ECEXE&X express+& only low levels of pigment intensity ahd the type of 

pigment appears to differe from that produced by A 
With‘firoqtia/ n 

1' -$ 

4 occasiona mutant area'"Japnear& that exhibit& the full Al type 

bmQ ~,kowtitiQUat (AA& 
pigmentation 'he st$te& within this 

Moth group differ from one another b&h in the time of occurrence of mutation, 

-in the presence of Spmj 1 LGb aM also in the degree of pigment production in #M absence,&&p 
hd 

anthocyanin 
With one, no/pigment is produced in either plant or kernel in the absence 

of I>prn. In this respect, the -phenotype is quite similar to that 

appearing in planband kernels that are homozygous for the standmd a1 

recessive. 

altered stats9 6 have been 

widely used over a period of years in study of the Spm system. 

Photographs of kernels, figures Y Mlustrate the the phenotype each 

produced in< bot &Q the presence and absence of Spm, 
A 
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Detection and analysis of altered states of almol wasjuncomplicated 

because, as mentioned earlier, the Spm element in the original plant, 

and in the progeny derived from it,, had an active phase of long duration. 
it 

fiad w undergone frequent change in phase of activity, variegati.on 

%wdW{ 
pattcl,rns and inheritance behmior would have been so complex that no 

/I 

certain conclusions wuld have been drawn from t'nem of the precise In 
+4 

state of a1 m-l that might be present in a particular plant or kernel. 

AMdPPgr (!Lmibm 
Such were the m s encountered in early study of a2 m-l 

'A 
. 

Variegation patterns and inh,:ritance behavior were so complex that 

even though diff$rent states wsre recognized, a precise characterization 

4.w b-J@ l.uadkw . . of each could not be formulated ae the m 
4 

of cycldcal change 

in activity ph*:se of Spm to altered expression of variegation and- 

l It was not until 

these states were exa5.ned in the presenceof an Spm element Bfth Ex%mg 

an active phase of long duration that it was nossible to characterize them 

precisely. It was then found that their types were similiar to those 

that had appeared in the alm~l cultures. There was one, however, that 

was quite uhlike any of the selected states of a m-l 
1' Initially, its 

behavior was an additional cause of confused impcbeesions of the mode of 
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operation of the system resonsible for control of gene action at a m-1 
2 

that were gene:-ated early in the study. Subsequently, it proved an 

invaluable tool in analysis of this system. In the absence of Spm, or 

when it is inactive, plants and kernels having this state are intensely 

pigmented and the degree of this is nearly equivalent to that produced 

tithe standard A2.v . Mhen an Active Spm is present, all 

pigment formation is suppressed in the kernelsJexcept in those cells 

in which Spm h:ls become inactive or has been removed by trarqosition. 

No mutations to give a stable A1 expression have yet been identified. 

Thus, the variegation patterns appearing when this state is present are 

reflections solely of modifications occurring to the Spm element itself, 

either transposition of it or change in phase of its activitg,and the ue-e 

#.4&b AidQAt-L@$ 

-i 

of this state -1' W ‘TT” l 

” 4 
cycles of activity of Spm will be described 

in one of the sections of this rer/ort. 

Some definite conclusions may be drawn regardrng the significance 

c&J 
of state in con;*rolnof variegation expression. a For this purose, all 

examined states of eit:!er al m-1 or a2"'l that give rise to stable 
$l)ij& tidhi~ 

mutations e 2 expressed b$:type40f anthocyanin pigment 

. . - I may be grouped together, and this includes all of 

them except the one just mentioned above, +FPJ 
It &I concluded that In the 
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presence of an active Spm element, both the time of occurrence of 

. mutation during development of plant or kernel and the type &+&CC %a t 
A 

w, are expressions of the state of the a1 m-l or the a m-l 

I-eupen~u,l,e(r4towy~a 
that may be present in a particul::r plant or kernel,fe dose+ 

. of Sprn,m- l Again, the t-e and intensity of 

anthocyanin pigment formation in kernel and -slant in the absence of Spm 

or when it is present but inactive, is also an expression of state. 
,.y-‘-. 

/ ~4,~-’ eQzw-l 
Wre vifferent states4Fe,-useful in this study. $*A 

pwGcih* 

necessary to selectRparticular stated for 
o+ 

g specific w 
4 

@w 
I(. sections when the v are discussed. 

4 .i 

Gh 
In the absence of Sprn, all states a:-e 

some 
quite stable and mzzq of them 

have been carried through many plant generations without @ving any 

indication of change. Those states that give rise to early occurring 

@hi+* 
mutation in the presence of Spm 'ive rise in its presence to some 

d 
A P 

altered states th@may be recognized in individual progeny de&~~3 
4 B 

f- p1ants.e 0 In contr.st, those states that 

are characterized by very late occurring mutations do not give rise to 
or must do so very rarely fig!., Q$w 

altered states in the presence of SprnZ- In studies -& two of them, @J& 
z A ctpJ&J&uB ua 

c?rried through 9 generations of plants, not one case of altered state 
h:?s been encountered. 

,-=s 
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d), Types of chance in action of Spm other than those related t&t its 

cycles of activity. 

In addition to the activity cycles undergone by Spm, mentioned earlipr, 

anoth.-r type of modification occurs to it that effects a marked alteratn 

in pattern of mutation produced by diffcre:>t states of a m-l 
1 or a2*l. 

These modificati:n al,oear to arise in individual cells in which a fully 

active Spm element had been present. The descendent cells then express the 

presence of the modified Spm element in them by exhibiting markedly altered 

patterns of mutation. EM.dence now available does not suggest that the 

responsible event is associated with change in location of Spm in the 

chromcsome complenent, for it has been determined in several cases that an 

Spm element whose locction is known may undergo such a modification withoxit 
&-3p4zdP 

conincident transposition, 

v&k 
The modifications of Spm underconsideraticn, effect-its capacit>r to 

f-l 

suppress gene action at either a m-l 
1 

or azrn'l 
F( o-j&Q i;",k!'? 

and to induce mutation to 
/ 

stable alleles. iihen one such Spm el&nent is present, anthocqanin pigment 
I 

resembling that api:earing in the absence of an Spm element 
,' is produced in 

plants but it develops at a very slow rate. 24 0 pigment may appenr in young 

mb- 
plants but it develops gradually as the plant)Ie matnrity. In kernels, 

the capacity of such an Spm eletiemt to suppres gene action likewise is 
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reduced but the degree of this is less marked than in the plant. The 

difference may be related to the more limited time that is available,+,for 

accumulation of pigment in the kernel, , Its rapid maturity stops the 

process. Whatever may be the caaae, very little or sometimes no pigment 

of the type produced in the absence of Spm a@jjears in kernels having one 

such modified Spm element, However, spots of pigment derived from mutation 

at either aim-l or z12~", as the case may be, do appear but the number of 

them is much lower than that produced with a fully active Spm element, 

For each state, the reduction is expressed as a proportion of that given 

when a fully active Spm is present, Both the suTpressi-.,e and mutative 

capacity of Spm appears to be weakened, and for this reason, such 

modified Spm elelents are designated Spm-w in contrast to the so&called 

standard Spm element that gives full suppression of gene action of al m-l 

or a2m01 and a constant and predictable I-Jattern of mutation with any one 

state of aIrno and with all but one exceptional state of a m-1. 2 

In subsequent discussions that deal with Spm-w, Tt will be necessary to 

distinguish it from the standard Spm element. Therefore, in these 

discussions, the standard Sprn element will be L~EXQXZM symbolized as 

Spm-s. 



When Spm-s and Spm-w are present in the same plant or kernel, thea-rfiuu 

Spm-s element is dominant. In a plant having one EP each of these two 

types of Spm element, expected patterns of segregation of the two occur 
w qdpca gyrlwtw 

at meiosis and earlh is recovered in the progeny, When the,,location of 
4 .+- !b 

--.. . @& in the chromosome complement'&$known, 1 __ 3 Y 

in e-J 
wP@-~p~Jw - 

d each4in its respective location in the . 

complement, barring a few cases of transgositlon of one or the other 

that may have occurred. &HWVWL,~~ an extensive study in which 

comparisons were made of the effect of one 

isolate of Spm-w on mode of expression of four of the described states of 

a1 
m-l and of one state of a2 m-l 9 no evidence of transposition of ths Spm-w 

element was obtained in tests conducted through five giant generations and 

in differ-ent genetic backgrounds. 

Spm-w may express the same cgcl&e of change in phase of activity as 

does Spm-s. It may also undergo su . 0 sequent modification that effects a 

return to higher levels of capacity to suppress gene action and induce 

mutation at al n-1 and a2m-1. Again, the event responsible for this 

occurs in an individual cell whose progeny ex-:ibit the effect of its 

increased expressivity. The rate of return to or towards Spm-s has not 

been the same tith all Spm-w isolat/s, With the one mentioned above that 
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was extensively investigation, no gametes carrying a new modification of it 

that alters its capacity of action have yet been identified. IIowever, in 

a few plants and kernels havi,?g it, sectors showing the Spm-s capacity have 

appeared but Weir frequency is low. In contrast, another Spm-w isolate 

exhibits relatively frequent returns to or twoard the Spm-s type 

capacity of action. 

4. Transposition of Spm 

Initially, the most complellinr evidence of unit elements, independent 

of the gene but capable of controlling its action, came from discovery of 

their transposition from onellocation to anoth:?r in the chromosome 

4- complemazt without 10s'~ specificity of action in the process. Trans- 
4 

positic:n is a lbehavioral mechanism that all of them may share in cormnon. 

Xowever, in studies of this, it was learned that an element known to be 

transposible, may not undergo transXosition wjthin a given set of 

conditions. -'/Jhen these conditions agllly, it could be difficult to 

det<~:mine whether or not the observed altered phenotypes wer,-. the result 

-thj /bsL@$ 
of action of a controlling element, *of gene mutat'on, 91 of a 

~-wLJj: 2 
4 

.I 
modifier orAa“mutator-gene. In the cases we have examined, this could 

be distinguished on the basis of known histories of origin and of 

of comparitive behaviors under given conditions. In ot!:cr words, 



transposition makes possible ready identification of a controlling element 

but lack of evidence of this does not%xc&&di necessarily ~ k ~~1-..~~~ the rossibility 

that a controlling element is responsible for observed types of mut;ltion 

or of instability of gene p-‘P-yw M&GUI l There is evidence to suggest that 

controlling elements in maize may plap a larger part in the origin of 

mutants than hrs previously been suspected, and this t;ill be considered in 

the concluding section of Wis rex;ort, 

Evidence of transposition of Spm is extensive.. 't has been observed 

in various ty-oes of experiment conducted,for purposes other than that of 

examining the phenomenon of transposition itself. Tests conducted for the 

latter purpose reveal more about it than evidence, however,extensive, 

obtained from other types of tests. The??efore, in this re?Ort, only 

t?ose tests will be renorted in detail that are cenbered on an examination 

of trans%-, sition of Spm, 
&AN,~~ * 

There is no doubit that t'ne time dur&ng development & the frequency 
A 

R q% 
--WV Vbnspesition of Spm)&se under some form of control, SW& --~ 

aeuLMJyuta+ as the time and frecuency of mutation at 

q&QA~ 
A 

al m'lmd a m-1 
2 are controlled bT 

the state that is present in any one plant or kernel. 
4 Up to now, the 

conditions responsible for ,FW+I control$ have not been and no 
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tests have been conducted that might serve to reveal them, although such 

are possible. Nevertheless, it is suspected that control may reside 

in the Splp element itself, and that changes in this may reflect some 

alteration that occur d to thSs element. Even though an examination of 

v-Jwd&t 
factors associated with control of t:>ansnosition of Spm wer>n&k+&e&, 

the following types of control are known, Mith some isolates of Snm, 

transposition of it occurs in some cells early in plant development. 

With others, this occurs only late in development Jjith still others, 

transpositions may occur both early and late in development. Xith m 

other isolates, transnosition of Spm, either early or late, may occur only 

cd 
very rarelyt illfith one isolate, no evidence of transposition has yet been 

obtzined alt:ocgh it has received extensive study. 

uJ@H fd-Luh@ ../ s$Jq+ 
'IiZ& Spm ~&WI is not &kt& for ,eF, 

4 4 
the mechanism associated 

with transposition. This is more readily accom-;lished with other ,qrstemsJanc 

&at of Ds;or of AC at the P or Bzl loc@,serve this purpose better. NO 

additional evidence of the come from this study of 

Spm. 
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f), Modifier element in the Spm system 

In the course of study of a m-1 
1 , a series of tests we::8 being conducted 

to determin&pm number and location in aezrly a thousand (995) plants! 
. 

all of w.ich were derived from the second generation backcross to plants 

that were homozygous for the standard a1 locus and in which no Spm was 

present. The state of a1 m-1 was the same in all plants that carried it. 

The behavior of this state with a fully active Spm is shown in photograph 

With A, mutations occur late in development of both plant and 
-12 [ I(‘ b"q (J-q& Q&t 

kernel, w&i&few excextions. it would be expected to 

m 
43e stabl*-in generations, and tis was fiound to be 

I 

true. In fact, although it has been used very extensively in these 

xkennuoaw lJ-!?24M@PN 
studies, no w carrying a newly altered state of it has ~+MMH~ in any 

I 
one of the 

test. However, b plants in the test serits menticned above that was 

m-l 
a1 Ia1 and carried one Spm element in chromosome 5, was crossed by one 

that was homozpgous for a1 and had no Spm, On the resulting ear,- 

all a m-1 
1 cau'rying kernels that also had Spm exhibited the expected 

pattern of mutation to AI EMZ that this state produces with the exception 
JuJvJd 

of one. 
1 

This exceptional kernel exhibited a markew increnseghgumber of 

Al mutant spots in comparison with that shown by the other variegated kernels 

ow am . +( 
on the ear, . . 

4 (an.2 - illustrate P 5 
4 

&photograph>' . 1 Its phar, otype 
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suggested that an alteration of state of a m-l 
1 

had occurred in an 

ancestor cell t db P++&e+& this kernel. derived from this 

kernel likewise exhibited the same marked increase in freuency of 

mutation. Tests we:e conducted with this plant in order to examine the 

nature of the altered phenotyr,e,and these indicated that the increo.sed 

mutation rate was not the consequence of an altered state of a1 m-3, but 

rather of the presence of an independently located heritable unit. 

The effect on a1 m-l mutation rates produced by this heritable unit could be 

seen only when an active Spm element was also present in the chromosome 

comple?lent. In the absence of Spm, or when it is inactive, no evidence 

of the present of this Modifier is noted. Tests of it conducted in 

subsequent plant generations indicated that it underwent frequent 

transposition and thus, could be considered as an independent controlling 

element within t:?e Spm system. Its presence in any one kernel or plant 

could be detected readily by the increase in rate of mutation to A1 

it effects wLth those states of al m-l that are characterized by the 
\ b, . . 

production of relatively few such mutations in its absence. %Ls_r&te k 

7YglkdwWs~k~~ --I, 
of increase of mutation is proportional I&& ea+&h state in that the %‘ . 

cJbQdb 
-I.--. lfcmb.q ‘I ,c,. 

number of mutant spots is increased by a factor somwhere between 2 and 3.‘> 
Jull.bI A n 

1: * ;'. '. _I The time when mutations occu~~is not altered by this element, Also, on 
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states of a -1 that give very many mutati ns to A 
1 1 in the presence of 

active Spm, this element app22rs to exe:6 l&ttle or no effect. A$t+Q 

‘1: "- $'! 1 herse is no evidence to indicate that increased doses of it will effect 
i ‘1 : ..: 

1 'c ', .,.a proportional increcse in rate of mutation, 

Tests of the action of the Modifier on four states Of a m-1 
1 

were 

conducted. In addition, tests of its transposition were made. Likewise, 

its behavior was examined tith a fully active Spm-s element, an Spn-w 

element and also ones that are undergoing frec.uent change in phase of 

activity. It is of interest to note that it produces the same 

phenotype with either Sprn-s or Spm-w, 

No more is known of the origin of the Modifier other than that 

str,ted above, nor has another instance of origin of it been noted. 

It could be related both to the Spm element, since it enhances Spm-w 

activity, and to the element at a m-l 
1 , since it exhibits one of the 

properties of this eleiilent, that is, control of rateof mutation to A,. 
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69. Resume of node of operation of the Spn syst::m 

r'ron the descriptions given in the preceedi:?g parts of this secti n, 

the reader nay hzve gained the impression that the Spm s::stem of control 

of gene action is inordinataly complex. 'here is no doubt that the 

analysis of a system of t!-Gs type may be inordinateI.:: frustrating because 

of the many IEEE&XX= 
may 

diverse phenotpes that/a:~penr,even in different 

parts of an individual plant or in diffe;:ent areas of Q& key:nel, and also 

because of the irregular and irreconcilable ratios of 

phenot-,-pes that may appear in progeny of sister plants or even in progeny 

Qh#4 4 Qd- 
derived from different pzrts of the same plant, $ecBuse of this 1 study 

of a2m'l 
q5$zi.4 

had to be discontinued for a pn:%od'as no We interp_etationS 
lul?&w 

A 

m from observations and tests of it. Study of a l-2-1 
1 

progressed 

more rapMily and successfully;and relativel:? e-rl>- in its st&@$, inter- 

pretations could be drawn of the basic mode of operation of the elements 

‘& ; _... . " 
involved in tG& system;an8these1have remaincd(essentiall:~‘valid for all 

-*,I fj.j $dJx I#@ 
observations and tests subsequently ccnducted, 

4 A 

For a ready appreciation of the mode of of this system, an 

* irD The first is 
understanding only ofntwo primary aspects are essential. %EXEXXE 

d* . concerned with an ~~r~~ expressior;kgiven by the different 
n 

states of al m-l and aznml, and the second is co_rcerned with the basic mode 
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independently located 
the/Spn element. All other aspects are secondary 

in that they are concerned almost exclusivel:? with the deg::ee of effective+ 

B action of the Spn element at any one tine, and the consecluenceSof . 

this with any cne state, These secondssrg aspects,nevetheless, are 

apparent _ 
responsible for much of the/U conplexity of this sgstenJand 

dd ccxM‘Q+J 
for ma.q~ of the difficultfes and frustrations experiencr&in4its analysis. 

i 

As mentioned earlier, the states of a m-l n-l 
1 and a 2 control the 

types of mutation, the time of their occurrence, and the frequency of this 

at any one stage in develhpnent when Spn is present and active. They 

also control the tTne of gene emression that appears in the absence of Spn. 

The states vary greatly with regard to these expresslons. Thus, within 

the s;;s-Len, diverse $&ysnot:~~es are produced that are attributible solely 

to state differences, 

e 

induclB&&Z changes at +&I+ al m-1 or aznW1 -that ka4-k 
IM -4 

!L a tel>ed 

expressiow,of inl Included among the-m are mutations to 

stable allelesJeither to a totally recessive, a 1 or a , or to higher 

+r! (iYbd.dmy uJ-ai@b & ' . alleles,t&ath associated with a particular Q-p&and degree of w 
-4 A 



R stnble4allele, but rather k an altered 'cz??e of behavior of the locus in 

subsequent cell and plant generations both in the presence and absence of 

Spm, that is, to a change in its state, 

. ‘, .,“‘( .; 0 
’ 1,: 

, 
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Part II. Origin and Behavior of a1 m-l 

1. Origin of aim-l and of its different states. 

The origin of aim-1 was outlined in the srevious section. It first 
5 .-, ,I?! ) 

." ',t i' k 
appeared in a single kernel on an ear produced by the cross of a plant 

hpmozygous for al and for A2 to one which was Al/a1 and &/a2. The a2 

in this latter plant had been derived from mutation of aZm" to the 

stable recessive, a 2' All of the kernels on the ear, except one, 

were either uniformly dark pigmented (Al and A2) or totally colorless 

(5, atL The exceptional kernel had spots of deep pigmentation in a 

colorless background. The plant derived from it (culture number 5371) 

likewise exhibited variegation for anthocyanin pigmentation. It had 

a number of distinct areas of deep pigmentation in a non-pigmented 

background. From the known constitutionsof the parents, it was suspected 

that the instability of genie expression was associated with an alteration 

that h&d occurred at the Al locus in the heterozygous parent and in a 

single cell, late in development of the plant. Therefore the variegated 

plant was crossed with a rqmber of plants that were homozygous for the 

standard recessive, al. It was also crossed with plants homozygous for 
G $th hjWl?;iitXJ@  

the standard recessive, a and 
2j 4 

for &kmr recessiveb alleles of other 

genes known to be involved in development of anthocyanin pigment formation. 
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From these crosses it was readily determined that the variegated plant 

carried the standard recessive, al, in one chromosome 3, and a recently 

modified Al locus in the homologue,and that the modified locus was 

responsible for the expression of variegation. 'phis locus was given the 

m-l designation gl- 0 The original variegated plant, 5371, carried the 

standard A2 in one chromosome 5 and a stable recessive, a2, derived from 

mutation of a m-l 
2 , in the homologue. 

On the ears pbbduced by the cross of the original alm" plant to 

plants homozygous for a1 and A2, kernels exhibiting several different 

phenotypes appeared: those that were uniformly and deeply pigmented, those 

that were uniformly but lightly pigmented, those that had areas of deep 
-&&I~ wx 

light pigmentation in a colorless background, and totally colorless,Mc 
4 

The types of pigmented areas and the pataerns of these were much alike 
~h<Ly& 6) 

among the variegated kernels. 
r\ 

There were some large areas that were 

Q-QM 
i' ,,;&t i * 

either deeply pigmented or more lightly pigmented and many small areas 
c &?., 

4 
t. with these pigment types, as illustrated in photo. . However, on 

a few ears, there were one or several kernels that exhibited a pattern of 

w 
a- 

variegation that differed markedlyA Some had only small spots of deep 

pigmentation in a colorless background, and the number of these ranged 

from only a few in some kernels to very many in others. Other exceptional 
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kernels exhibited pigmented areas of various sizes in which the intensity 

was always low, 

kernels exhibiting different phenotypes were selected from some 

ears and planted in the greenhouse the following winter, 1950-51. The 

phenotypes of t@e selected kernels are entered in colu@n 1 of table 1. 

The phenotype exhibited by each plant was similar to that expressed in 

the kernel from which each ~813 derived. For example, if the kernel had 

shown only a few small spots of deep pigmentation in a colorless background, , 

the plant likewise showed onLy a relatively few small streaks in which the 
&f&r ~qu"J.q 

deep pigmentation appeared. 
A Or, a plant derived from a variegated kernel 

having pigmented a& whose i tensity was low, A likewise exhibited pigmented 

areas in which the grade of intensity of this was low. It was evident 

that the altered patterns of variegation in the selected kernels and in 

the plants derived from them arose as a consequence of some genetic 

44 
modification controlling time+ dur$ng develoL:ment at which change in gene 

A 
44 

action occurs, tanumbers of cells in which such changej occurrat any one 

time, all;\ti types of pigmentation that would result from this. 

Confirmation of this precise type of control of gene action came from 

tests conducted with these p&ants, through self-pollination of them and 

through crosses of them to plants that were homozygous for the standard 

recessive, al. The phenotypes of the variegated kernels on the ears 
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these crosses produced resembled that which had been expressed in the 

kernel from which each plant had arisen. 

The kernels selected for greenhouse planting belonged to several 

different categories, enumerated in table 1. All four plants derived 

from kernls in row 1 carried a stable Al mutant of al m-l . Those 

derived from the uniformly pale colored kernels in row 2 appeared to 

carry a stable intermediate allele of Al from tests conducted with them in 

the greenhouse. %bsequent tests conducted with their progeny indicated, 
,.'.1 1: 

,., that the a m-1 1 locus in them was unmodified and that it would express 

the original type of variegation pattern in the presence of Spm. Tests 

of one of them, plant 5700A, and of its progeny will be eonsiaered in 

detail later. The two kernels in row 3 had been selected because each 

exhibited a few small colorless areas in what appeared to be a fully 

pigmented background. Tests conducted with t@em indicated-, that 

this phenotype was not produced by somatically occurring change in gene 

action from Al to a1 but rather it was produced by a very large number of 

late occurring mutations frmmx to Al. 



were hcmozygous for 

ed kernels in the progeny 

been expressed in the 

ting, n kernel 

ully -pigmented background. 
4 

derived from them icated, however, that thtQ 

phenotype was n xpression from the A-type 
i 

due to a very large number of late occurring 

-. This coneluence &2-s not 
mww+ 
FZZ&W ftrw;l direct contact of one mutant 

spread of some subs$anceJproduced in the 

mutant areas,%&0 the surrounding genetically a1 - that allows 

dhpW@ pigment to be formed in %IwB, This substance may spread through a number 
'/q L [&$,.,&i&j e\& o"\.\i-r[l~~ A CL ?&I.,cp ?.?.~LEL(fcj Il'k- 

of <! cellsJand it gives rise to a halo about each g-en&&&&,Al mutant! 
4 

L$~ JJ.lwK*b 
m, the intensity of p&gment decreasing as the distance from the XB&H& 

w $& ;;;&J~&~ .?&;.;s, ble pwf:' 
j ~63. increases. Thus, whenever a large number of cihosely placed mutant 
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Al areas are formed, confluence of their halos occurs,- 
h 

--*@=M When this c!i!&z within a &arge area of a 

plant or kernel, th area may appear to be uniformly pigmented and to 

have arisen from an early occurring mutation to Al. However, microscopic 

G 
examination of such area+ usually revehles some irregularities within it in 

n 

grades of intensity of pigmentation. . 
-.~_ 

F 

srrck-pis expected 
&.qfq&'*;x~*J*i'& 

confluence S- 
~ , .;, 

. 
fw&h.d-dq,m* L 

aotie / A 
Halos of the type described above a-r\ ares 

pigment . exhibiting tm s intensities of lower grade. The borders 
' 1; 'I. I" 

of mutant areas are sharply defined. 
A Thus, a change in gene action at 

a1 m-l to full Art:;ue expression may be distinguished from those that 

give ?iY lesser intensit f 
9 

of pigmentation not only on the basis of $0 
+@w*@q n--g 

intensity4but also on the basis of4haloJ,fW. It is suspected that 
f--p c fJ 3 

the pigment produced in M&m pale areas is not the same as that 
ti/d"osLv pAwdQ.wq dccn w-4~$W.h~**~ .-.- 

. produced by the standard Al';;. Tbin.2~ W=@L.-i‘i 

l4.tHM&,mm&maatiqI‘Reunk &I 

. In them, the pale-- phenotype is expressed only 

'ix I' bddA.4 -d 
in some tissues,and4is conspicuou&ly absent from the leaf-blade except jr# 

4 

the mid-rib. In contrast, the full Al phenotype is FSP#E& expressed 

$4AhiwLpd k-q rJzlr\p-+-d lJY%hK * 
in the leaf-bladet4 Also, in the plant, some of the pale-producing 

mutants give rise to anthocyanin pigments with pastel shades that obviously 



would not anpcar rn?rel:r from reduction in amount of the same pigment th{at 

is produced stand rd Al. It is likely that the action of the pale 

/wAl&crM 
mu&s M pigments that differf,fromthat standard A, 

In addition to theAcases of modified a m-1 e 
1 

ai described above, 2. tests were conducted with 9 

other nlants grown in the greenhouse during the winter of 1958-51. 

( b-u\, w 1) 
Four of them4were derived from kernels thnt apneared to be uniformly 

pigrlented when 
- . . t;ne &%% similar to that produced RT standard A is 

1 
'. 1 

development. It is probable, therefore, that the phenot;Te of the 

&P@@ 
6b 

kernel that gave rise to this ulant was produced confluence of haloes 

u&4 M‘~Wb 
about m&nt 

m9w,. w 4 
areas mdescrib:d above, A Five other plants, each derived 

4 
from a kernel exhibiting only pale pigmentation, uniformly distributed 

o$er the aleuron layer, were also examined. Phe\pale phenotqTe wed 
jr1,. F~ “; 

. . . ton and d - c i&was recovered in expected proportion 

in W progeny dorived from tests crosses made with each of t!\ese plants.vi 

hQ ilmqfiti m  cJp4.d l 
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-lb 0 ‘2-e qdacule 
In addition, tests were conduct d with 19 plants, eachA&&+&! from a 

cRaur*wI) A 
variegated k-:mel, Five came from ke>-nels that had exhibited the pattern 

a 
variegated 

of t!-iis that was common to the majorl;.ty of/kernels om ears produced 

by test crosses conducted with the original a m-l 
1 carr>ring plant. Zach 

of the remai:!ing l~~nlants came from a kernel that had exhibited seine 

from 
marked deviaticn $$' thl.s pattern, and the types of t1G.s are described in 

w 
5 q) 10 & XI A ‘*- , 

/column 1 of table 1, In this table, the culture number+ of e::ch plant 

are 
is givenJand that of four of thelm tiS underlined. 

Pcur of the six modified states of a m-l that were used 
1 

exti-,nsively throughout the study of a1 m-l . In subsequent refsrences to 

db 
a particular state, it will be designated by theAnumber of the plant M  

f--vRQ&(nLep 
originally carried it, It may be &AzzI at this time that although 

the original stai,e of al ml @l&$j 
has given rise to many &~fcr& states, 

lb gh 
only a sxwf3. . . pcmrP 

b&y- Qd s ha$frm examin-. 

4 
e+&&300 of a two-element system, responsible for control of gene 

expression at al m-l ~ was obtained from ratios of kernel tynes on ears 

produced by self-pollination or by test cross of the :>lants grown in the 

greenhouse during the winte of 1950-51, Seveylal ex, 
.P 

pies w'll be given 
.? ! 
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Examples illustrating this are givn in table 2. In this table, the 

of kernels 
phenotypes/produced by tests crosses conducted with the 

7 
line -of table 1 are e . All a variegated plants were 

m-l kernels derived from 
a1 / al, AZ/A2 in constitution. In -table3 

J 
the progeny/f%+em any one 

are 
test &x divided into three classes; %k~ unif'or~y pigmented,- 

variegated,- and &LX colorless&.xxx&s The intensity of :Tigment 

-QJJ@@%- 
@@kernels intered in the uniformly pigmented class di.?f'ered according to 

tim 
the slant tested. 

4 
Those derived from tests of plant 5715A were intensely 

pigmented. The ' ' '&xx~~3? pigment in those derived from plants 

5817A, S719A-1, and 57196-2 2 . 4 In contrast, the 
\ 

. ~C&BW@U& kernels in this class in the progeny of plants 571&E and 

5718 expressed a very low level of%ntensity & pigment, -411 lnvrg 
.-_ .--. 

very pale. 

Similarly, differences were expressed in the pattern of variegation 
p&&-J) ~~~ 3& iw 7 q w I. 

exhibited by class. In the progeny of plant 

f-vwdE@rn - 4 
l&x+ deeply- 

5713, them were characterized by the presence of many) small/pigmented 
fl 

+.us (Ilkbow 
A i 

spots. *tf 
deeply- 

ew kernels a large/gigmented area 
4 4 .v. The pattern 

given by the variegated class of kernels in the progeny of plantsS719A-1 and 

5719A-2 z alike,and it resembled that given by plant 57lf;A except that 
($Jc. G. 

there were far fewer p?g$ented spots. 
4 

Plants 5717A and 5'718 produced 
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variegated kernels in their progeny that 

~;,~r~ 
had small, deer?ly pigmented 

spots but the numbers of them werelfewer than those in the varregated class 
ppJ@u?5w\*~-;I 

4 

4 w plants 5719A-1 and 5'7l:A-Z,a& &so no large pigmented areas 

appeared &II any of them. The pattern exhibited by the variegated kernels 

in the progeny of plant 571&E was likewise distinctive. v* 
uJQAJdq& , a' . spots of deep pigmentation m and the 

T 
aw were l ’ 

A 

-over the aleurone layer. 

Tests subsequently conduced with the progeny of the plants entered 

J‘7 L b @&ji s7ws-~ 
in table 2,-- and s through many plant generations-0 indicated 

that the pattern of variegation given by each was a reflection of aQouc4 

modification that had occurred to al m-l in a cell of the original al m-l 

carqing plant. This was 
4 

responsible for the altered pattern of 

expression of a1 m-1 given by each of the plants enter--ed in table 2. 

It is known that this expression will persist tkrougWplant 

in some cell of a plant that again 
generations until another event occurs/$t modif$&the beh vior of a1 m-1 

ri...yj9Q.~ h&@.i~‘r 
and this,will be expressed .-z a.** 

t cell~an.d+3~~nt. . 
1 m  S. Ilhat the degree of stability 

4 

of any one state of al m-l fiqaAh, M&d, J-4 
through plant generations in time of 

occu rence of mutation-inducing events, -- those that produced the deeply 
/I 

pig:llE:nted spots in the progeny tests just described,--will be pol.nted out 

. It need only be stated here that the later the time during 
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development that such mutations occur, the less t'ne change of appearance 

xc>#? & 
in a gamete of a newly altnred state 

/f 
/PiewJ.y alt,ered state 

t must be present 
P- 

in gameteg k if it is to be isolated for further examination. 

Plant 5720, row 9, table 1, arose from a kernel that exhibited both 

large and small pigmented are- s in a colorless back,, Fround but the intensity 
r&S&~ 

of pigment in all of them was much lower than that croduced by Al. The 
? 

diffe-r,ent areas exhibited pigment of quite diffe en-t intensitibe, ran,ging 

b&A 
from very pale %tn some to quite ae in others. The plant also 

exhibited in which different grades of intensity we-c exp:;essed. 

Progeny of this plant, derived from self-pollination and from x>eciprocal 

crosses with plants homozggous for al -, produced variegated keznels 

aw 
of the same type as that wG-ch gave rise tc this plant. In B of them, 

4 

however, one or several 4 small spots of the full Al-t;rr:e pigment a-eve red, 

In addition, the-e were many kernels exhibit?.ng uniformly distributed 
4 

' p'sw"g 7-anFed pm over all ol' the aleu-one layer, H-ifhe intensitq nC -1 , 
-4 

from very light in some kernels to a;la&te dark in 

em bong them the same grades of pignent intensities as tlz2-t ’ 
4 

the pigmented cLc 
exhibited among/diTferent/areas in i?M variegated k,rnel $ . The:c>e FJeTC? also 

a numb,:r of colorless keynels. Subsequent study of the progeny of plant 

5720 made it evident that a modification of a1 m-l h:-d occurred in a 



parent 
sporogenous or spore cell of the criginal a m-1 carrying/;lant that had 1 

effected a marked shift in the proportions of diffe?,cnt muC;ant phenotypes 
Q-1 &a c& 

it would produce in comparison with thatieglven b-' the original a m-1 
Al l 

However, tnis alteration did not he time during develoument at 

which a mutation-inducing event would occur,as it had done x.xxU.x xxxxx 

-mE with resnect to &ME a m-l 
1 carried in the plants enter,ed 

row 
in 33ae 7, table 1, Qas&rdlBed above, 

As ment:ioned earlier, none of the tests conducti:d with plants 

gr0h-n in 
q &Jp fl?f,@&q lLq$GT u c; 

the greenhouse during the winter of 1950-51 &&&I&& the c 

presence of an indtipendently located element that was associ:_7.ted with& 

,! . . expression 0E gene v 
+ 

m-1 
al l 

Onl-y & progeny of some of the58 

a-(* o&&g w l&~~clp.eassr &ad greenhouse Flants were v during the summ;:r of 1951 was %&M&&M~ 

and . 
s9 .l 

the type will be considered below. 

L 

,_, 

During the summer of 1951, 

d$ 
pJJpJ.20 cz4lv&&d l&a4 

p@ fzml f ive of the plants entered in table 1, 5700A, 5716, 5719A-1, $719A-2, 
ww- 

and 5720. 
. 'ii-GJ@ wy~qfJ&@ &&$?&m.k 

In addition, 
A kc:-=nels we:%-e selected from ears produced by 

A n 

cross of the original alm'l earring plant (53?$1) to plants that were 
f! -% 
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kenels exhibiting the ??attern of variegation appearing in most of the 

kernels receiving a1 m-l. from tne parent nlant, .Lc plants derived from 

kernels :lhose variegated patterns deviated masykedly from this, 7 plants 

derived from kernels f%at appeared to be fully A1 in phenotype, and 7 

other plants derived from kernels that were uniformly but less intensely 

pigmented. 

e A record was made of the phenot::pe exhibited by each plant and test 

crosses were conducted with each. 

with on&that w&Whomozygous for the standard recessive, al, and for the 

recessive, sh2 (shrunken endosperm) which is very closely linked to al, 

giving only 0.4 percent recomWnation with it. qlis stock had been 

obtained from Dr. M.M.Tihoades for the purpose of making H more accurate 
&#@& ,,.,&Q.bdPS rpJ‘tA cL' 8 

examinations of t&3 
\E,&y$li&;q QEA $t.h . y A' I 

:-~&&%..&~~ty g 
'q,, ?+a.?p.l; &&.&J f 

Al' my 

i 
ar&g& ases of this had been 'accumulating'. Close linkage of a well 

P R a , .*. 
expressed gene- marker with & &a&&e locus would allow accurate 

e &j,r: c. j&g&W 35 . . . r of some types of -2x change in w action 0-T the 
QJixwdhG 

m that otherwise might not be detected. Since all m-l a 
fl 1 

plants grown in the summer of 1951 were homoz:Tgous for Sh2, crosses of them 

with plants homoz:?gous for al and sh2, preparaed the way for more 
Ii,%- ' +-. _ 

precise investigations of 5& in the future, 1 -.-@e 



a-. jilom~ s wc:re self-pollinated &&so cross&. +xv 
4 . ? 4 c 

cw . & St thktime, other projecLs were in progress 

. . that took precidence otver te study of al mo1 and 

fQvaeuh& --QQS-I 
therefore, the ears obtained from the various tgnes Of cross were not 

4 

carefully examined until more than a year had elapsed. Included in these 

other projects was examination of the behavior of m-2 m-3 
a m-4 

1 9 a 1 y and a1 s 

tnree independent ince*?tions of instability eJxr= of gene expr-:ssion 

at the locus of Al. It was soon realized that s W 

m-3 m-4 UW mdk- 
gene exgressl.on at al and al rM+ the Ds-AC system,- 

. e? g9cwwshm l The system controlling almW2 baas not &-AC, nor that 

having 
in which Dt is involved. 

operation 
A system Y&&E a q-uite di:.'feaent mode ofhz&%nrX 

was responsible for its weqression? An interpretation of the 

mode of opzration of this system was formulated from tests conducted with 

SUU?JUH', m that the.+ysLem operating at IX&& aIrno -4 
h 

n 
S_ubsec.uent f--L" indicated, however, that this 

assumption tias incorrect. The two s;:stans do not have elements in common 
/ 
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nor is their mode of opeation comp::rabI.e, 

Even thovgh a decision ha6 been made to postpone stud:! of al m-l 

until more time would be available for its examinaticn, it was desired to 

le:..rn if the change at Al, responsible for the origin of a 
1 ": would .+J 

$. bx tiq 
.;% w alter crossing-over between this modified locus and sh 

2' To determine 
.t 
ic this, only a few l>lants would be required and only a small amount of time 
I 

rl "66 . :; urw&J needfibe given to m th&test. Therefore, 10 variegaed kernels 
1 :. ; : 

; 
were removed from an ear produced by each of two v::riegated :-lants that 

-2 -, ,' w&4Jllur 
were a 1 m-1 Shyal Sh2 when pollen from a plant homoz:,gous for a and sh 

JltxhAb 
A 1 2 

&ch of the two 
w.es used on the silks of each ear. &X$&J variegated plants had Seen 

derived from a variegated kernel on the ear produced by the cross ofinducted 
-w&j&-d &tfdif~-~ b-d h?. zi?iQR -1 &d 0.c &*-'. 

with plant 5719A-1, entered in C of table 2. 
A 

Nineteen mature plants 

were obtained :"rom the 20 selected kernels. All e,xhibited variegation 

for anthoeyanin pigment, and all were alm'l 
=2/y Sh2 in constitution. 

The silks of all!.? 2 
A 

s produced by 17 of these plants received :?ollen from 

plants that we-e homozygous for al and for sh2. The reciurocal cross 

was variegated conducted with 8 of them/plants. The kernel types ap.nenr&ng 

on the ears those crosses produced are entered in table 3. 
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‘“2 
3-c , 

_- 

between!Sh2 and 
q!Jktdb~~I)~W * ? 
W ithin the 7490 kernels that exhibited 

pigment, there were three distinct classes. In two cf them, pigment 

was uniforxly distributed over the alaarone layer. Of the 3617 kernels 

ti 
imith Jd uniforrrU distributw C& pigment, I-. h 

only 4 XE.XB had the tyne of pigment 

produced when Al is present. The pigment in the other ~~ZQEX 3613 kernels 

QJJ@-q /)Qjq h /3 &.#Q $pq fl~%vdwl wUldryw.~q"f~'N~ .._ ,/&.----- ___~_ -- was ,u:.'L a= "---.^W ,I U-L I" t, and this was well expressed 

lji&Lii& 'i% 
the 

-Em&&m q&wFJJ[p &Fl pigment intensity 

-tik dib ,couzpQti -dip mmLI/p&t~, 
ix@those th-t had,,Pr,& those that were homozygous for pr. W ith the 

A 

standc.rd Al, the presence of Pr results in the production of intensely 

purple pigmentf. When pr is homozygous, tJ$e kernels exhibit,with Al1 
I 
. '-a deep- 
,( an intense red color. Some of the a m-1 b 1 

plants had Pr in one chrorlosome 

5 and pr in the homologue. The al,sh2 tester plants were homozygous for gr.- 

The::;efore, on scme of the ears, half of the kernels carr$ed Pr and the 

other half was homozygous for pr. On these ears, it was ve:-y evident 
~ 9 ~&Q.uC GA I- ,+JJd ul 

that the intensity of pigment appc$-:ring the unifody e class of' LB 
4 

q depended upon t&&r constitution with respect to the alleles of Pr. 

The color in those kernels having Pr was a deep purple, almost as intense 

as that produced when the standard Al is present. Q 
7, k+eGts-mZT Were homuzygous for pr-wexx~.~ 



/ 
In contrast, those homozygous for pr were a very light shade of pink, 

i 
\ 
:I 

4f-nh 
It 1;as anparent that the pigment present in the pale class of kernels 

4 
s dilutio "EIpwa-n* 

did not _ + f that produced by Al,but rather m 
-lJJJ p- QL>c~mA J&i% ;a) iv* pQ,iJ Pfg,&.. 

n 

tme of pigment, 

-7henot;7pic expression and,- all those that were pr were ' * '3~ 

likewise alike. The pale class represent&, then, one particular 
I_-.. _ ., 

pigment type in the 
genotype. Among tine vclriegated clsss of kernels, the/me deeply 

pigmenteKspots:.-aesembled that produced by Al, either a very deep purple 

Illustraticjns of t?lis pattern are g'ven in photo l 4 

In examining the data of table 3, attention should be given to the 

different 
ratio of the pale class to the variegated class appearing on/ears 

P alant,and on thezc ear:: dorived from use of its pollen in 

b[Wb 
the test cross to a sh2. 

4 IL 9 
It may be seen that an approximate ratio of 1 

pale to 1 variegated kernel apneared on eniFs produced by tests crosses 

co'.ducted with -1ants l,2,4, 5, 6, 7, and 8 bfl culture 6452 and by 

plants 1, 2, $, 5, 6, 7, and 8 in culture 6453,although tnere are some 

marked deviations from this expressed by tests of the pollen of plants 

6&2-s and 6&3-4. The ratio of pale to variegated kernels derived from 



test crosses of plants 6452-3, 6453-3, and 6453-9 devrkeated veq much 

from1 : 1 aW with plant 6453-9, marked differences in ratio of these 

two phenotypes were e,x-orcssed on ears produced & dii'fe-ent payts of this 

plant. Nevertheless, it was clear that some chrozosoxal comr.onent, 

present in the a1 m-l _ carrying plantsland not linked to this locus, was 

&!&.I%& segregated at meiosis and that the e;r*>ression of $%.niform_l.:r pale 

class of kernels and &J clQass showing deep1 
7 

pigmented spots in a colorless 

backgrotid was rel:'ted to the presence or the absence of this component. 

a@ 
Since in the grandparent (5719A-l), in the two a1 m-1 '*b 

,parent plants, and in 

JJAddd 
4 

all plants of cultures 6452 and 6453, variegation was w, it seemed 

evident that the presence of this component in the chromosome com-plement 

thPw+ 
- - W&&J.lf 

w&--3 @  
19-f& t&G- 
4 fuLua@Jw 

was related to variegation4andhits absenceAm the ap-oc;:-.rance of the pale 
/i 

phenotype. 

As stated earlier, none of the kernels on the %Bg ears 

derived from test crosses with the al m-l' V 
plants grown in the summ r of 

1951 h.z.d been examined carefully up to this time. Iilrnen it was -;>ealized 

that the ratio of kernel types ap;-;earing on the eazjs of plants en-ter=ed in 

Madehdww-t, . . 
table 3 .Sd 

COihfQN~ 
segregation of an indenendently located element i&&&-e 

A , . 
cbi J-LCUB -/q-y,n n .C *. ' ,- -vv . r, the kernels 

on ears produced by test crosses of Tlants in the pa:ent culture-', 6049&& 



hl.ud!hw 
@C were then examined. Ifore direct evidence of the presence of m element 

Q&l ---' ._ c 
-A 

. . -&I __. --- 
wasAobt?ined,M(:-s found to be l'nked,in some plants' & 

~rnfJqdh+$ 
-. . . _ ._ / lfll 

marker, y, in chro-:::ozone 6 (Y, yello. w alhtirch in endospe-m; y, recessive 
A 

‘_ :> b&-/-t 
allele, white starch in endoscerm). ' 

La 
T'he plants in -G&G3 cv.ltu::eI were 

4 
44) --G 

derived from kernels on m ear produced by the cross of %+-.~-a& homozygous 
P 

'blant 5'719A-1, which was 
.' 

a1 m-1 Sh2/al sh2, Y/y) md 

Some'tiernels irr;" variegated>- on this ear w+& sown in t'ne 

summer of 1951 under A of culture 6047. Others th::t were v riegatedm 

A WXFLW sown &der B and C of culture 6047. &L.&U-, variegated ke?.nels . ? .&9f~i&9~ _* &>Y 
,- thct we::e Y41m celected Prom tne eclr produced b- se&pollination of nl:lnt 
5 '.--I -a (A, tc,ble 2) 

-. P, 5719A-l/and Z$ o;in under B and C of culture 6046. All plants in cultures 

6046 and 6047 received some tqTpe of tea by means of crosses to -lan-ls of 

')?a w&!lJAci tiy@g~~a 
known constitutionjlda by self-pollination, or be+&, &Vi The k-:;nel Q+HXZ, on 

-.b 

I-- homoz;?gcus for 
$ e2rs obtained by crosses of these plants to plants that we:-.e/al, sh2 and y 

1,: en 
r:- 1 are given in table 1~. All plants/in t tered in column 1 

this table were alm'l Sh2/al Sh2. . 

Those in part I were Y/y whereas those in Part II were y/y, 

In Part I of table 4, a ratio of 1 p&T&e to 1 variegated kernel. 

among those showing ??igment P on errs 

produced from crosses cond-tlcted with plants 6046B-1 and &$7A-3, 



Linkage of the pale phenotype with Y and the variegated phenot:rpe with y 

is cle::rly expressed by the test with plant 6046B-1, In plant 60478.3, 

these link-ge relations were reversed; the pale phenotype was linked with y 

and the variegated phenot-.pe with Y. The ratio of kernel types obtained 

from tests of the other plants in Part I of table 4 indicated that each 

carried more than one 
controlling 7 . CLC, t/elementtiin $-ho a-, -cl .L -. .I 

In plants 6046B-3 and 60&6C-2, In 

e?&%e& but in plant 6047A-1, no evidence 

A~ The/Elants in Pal?t II of table 4 were all y/y in constitution and 
wris, tfY& ~r~&&L & ?AQ&M&Pb 

thus no linkage relationships/could be shown by them, ijevertheless, the 

evidence suggested the presence of more than one indenendently located 

G 
controlling element in all plants encept 6047C03, fThe plants in culture 

6452 (table 3) originated from the y class 
a‘?ti a\ 

Of variegated kernels produced 
4 

by the cross of plant 6047A-3 en&&red in table 4. According to th;C[e 

'this plant had only QVe independent controlling 

element and it was located in the 'x cr-:rrying chro:?osome. Theplants in 

culture 6453 originated from the scariegated class of kernels produced :'rom 
J-f-' 

the test cross of plant 60,!+7C-4, table 4. The ratio of kernel t:ipes 

Ow ear suggested the presence in this plant of tbro 

WV'controliing elements, 
A ?r.a+~w c& 

each & ~c different location in 
4 



the chromosome complement, Selection 0C the y W L variegatt,d kernels 

w-s 
was made in order that the color of the anthocyanin pigment in the aleurone 

layer in kernels on ears of-81ants derived from them would be ex ressed on a 

white rather than a deep-yellow background. As stated earlier, the only 

pur:ose of thistest had been to determine crossing over between a1 m-1 and 

Sh2. 

From the ratio of kernel types given in table 4, and from those obtained 

from self-pollinntlon and from the test cross of plant 5'j'19A-lK(A and C of 

table , 9 it would apulear that plant 5'719A-1 had more than one VJy 

AQYi~tc CL, 
1 controlling element,- &e of them occuppfed a position in 

% 

its y bearing c?vomosome 6, 

($1 cwuk.huuLg (ldtbQ$ 
4Zhe plants in cluture 64524 table j) arose from variegated kcnels on 

&A&/ %cm r?,f:,Q h-d d&&lb c ,& [&L&d * $Li$ 
the ear of plant 60471-j C& "Chew > .': _ -A+--&. 

.& (yL .\lrr,& io14 5% r l;iwt LL 
plants would be expected to have only one d controlling n 

mue$ ! 9 vz 
elenent. T ;is apTe:sred to be !;rue for all plants except plant 3. The 

t z d 
plants in culture 6&53, table 3, arose from variegated kernels on the ear 

produced by plant 6OL+.'j'C-j! . 
- AA^ww\mMhti / ._ 

!T Theplants in culture 645'3 would~$he?efore be expected to have either one or 
'_ 

&JJ,.Q.R- . two c3tGHTz i.ll~ controlling element" 
awMa 

As4table 3 ’ l 

b 

-’ 9 

1 seven of the nine plants in this culture had one such element 



b& the remaining j?, plant 3 and plant 9, h:d more than one,sm 
It A 

azM>he ratio of kernel types on ears produced by different parts of plant 9 

suggested that the number of this element was not the same in all'part.eP 

Q&&a& It was suspected from this that the 

element could undergo transposition in somatic cells and that this wzs 

Q&n 
4 

jQw-Qtl . responsible for the observed rka.ud r~u '1 . 
4 

d-6 . 3. Initial evidence w the prim-.ry mode of operation 

of the independently located controlling element in 

The mode of control of al m-l actiion induced by the independently 

located element of the system, whose discovery was outlined above, was not 

appreciated until the results of tests made in the summ:‘:r of 1953 were 
,. /. : ,I Ii# 

analgsed. From them, a reasonable interpretationYcould be drawn,oU 
,.A 

ht.1 Qqdaih 
i ‘1 c. 

Vhf. With this in mind, 
*: all test cross ears that had been t 

fLod# IJwJw 
;a 
. . 

preoduced in the summer of 1951 were then carefully examined. The 
4 

$ 

and these w-re conductc:d 

considered, the evidence 

in the summer of 1954. Before these tests are 
'\' 

1 the .node of $ 

$r : J& rr_O jp D-i QA b!tr.+. El?/~~!pA 
operation of the independently located contolling element will be outlined, 

A 
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Due to unforseen conditions,the total planting during the summer of 

195'3 h:;d to be restricted, Space was available for only a frnctlon of the 

number of Plants usually grown in the summer season. For this reason, 

study of al m-1 was limited, pretTerence being given to other 

projects then under investigation. v%heSdecision ~H+W&J . . CA 

1+4 :*I 
to limit study of aim" 

\- 
was dictated by the fact that up to this time, 

PnvtoLuecl . many of the testc2ass ears m mfW+.p.nr.8-n the 

summer of 1951 had not yet been exaunined and M$tle was e known of the 

behavior of alm'l, &z&L 
!..gy -c.Gf 

It was decided, then, to ' its study to an 
~\~~Q+~~S ad 

examination of the position+ 
4 

of the independently located element in the 

system in the progeny obtained from plant 6047C-2 o&able 4)/and to 

of ke- nels 
the pllnts derived from the pale class/in the progeny of plant 6046C-4 . 

This latter plant had been derived from a variegated kenel on the self- 

pollinated ear of plant 5719A-1 (table 2). 
of plant 604&-$- 

A 
%~e constitution/was 

a1 m-1 Sh2/a~- h21 Y/Y, w'pd. iid The ear from which the pale k:-rnels were 
03 &:p, &jA\x . 

selected had been produced by self-pollinetion&& 
@IA dLt.5 &I.. 4tc W"4 

Y-~M.-&o 406 

uniformly 
3S/pble colored kcnels of which 

33 were Y and 2 were y and to 371 kernels that had deeply-pigmented spots 

in a colorless background and 267 of these we::e Y and 104 were y. Twenty 
d.d ule(cr L-1 cp,culfq tj& L.&w~C~; 3; ! ?i -j 

pale k::.rnels %,:ere selectAd from this ear and p&&.nts gl'orj~n from them under 
4 2 
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u,ap RJh. ‘0 6 

culture number 6628. . . 
CP ale ke::nels es 3&r , : 

WBS because the plant was homozygous for a, m-l and thus ee=& chro-nosomw 3 

should carry a derivitabe of al 
m-l 

1 . It was desired to examine the W *r 

Therefore the plants derived from the pale kernels were tested for this 
'x d! \ i$: J)4& i@ (, 4'& u :d 

by crosses with nlants homoFygous for a1,,'sh2 and y S ,','z\ L 
u&ii 

*j 'T?j ; : !,I& 4-Q -ifA 

r‘"- c 
4'pmd$@ pap&jJ& 

Plant 6047Cm2, t:rblcb, had the constitution d 
1 mg1 Sh2,$ Sh2 t v/p r, 

and Y/y. 
An ecr of this plant aPw 

%/had been crossed by me/that was B~mozygous for al, sh2, y 

. * % 
and haU&,in one chromosome 5; and pr in its homologue, The t:rpes of 

kernels appearing on the resulting ear, given in table 4, suggested that 

Llrur* 
plant 604-7C-2 h-d one ~GC&,IZ i%ependeu:tly ?ocated4elementg w 

tke% $ 
SW in HJUXF&&$S Y bearing chromosome and, in addition, two others locatei 

A 

elesewhox in the chromosome com:,lement. Ten keynels in the variegated, 

Y, Pr class and ten othrr in the variegat,d, y,Pr class were selected and 
&&,.- ? We r.1 rl y 

sown in the simmer of 1953 under culture number s 6629A and B, /All the 
4 

ears produced b::. tne plants derived 2'rom these kernels were used in crosses 

with plants that we?-e ho .:ozygous for al, sh2 and y. Two stocks we:re 

for t$.is,but their ccnstitution with resr,ect to the Pr alleles was not then 

knOWTl0 Tests conducted with them indicated that one sttock was Pr/Pr and 

of the tester stocks 
the other pr/pr. The need for knowning the constItutLc,q/w5t:. respect to 

&j p& &jjJj&~ 



will be evident shortly, & few ezs of plants in culture 6629 we:'e 
n 

either self-pollinated or sib crossed. 

The nhenotpes of kernels on the exi s of plants in culture 6629A, 

produced by the test cross, are enteled in table 5. Again, it will be 

between the kernels 
noted t-let the::e is very close linka,ce #f the 

carrying 60 

mx5I+xx& Sh2 marker and those exhibiting pigment, -h . . lx+% Y 

tid i&i& I ,.r? w&tz wti 
he position of the e<a:-. on -i-d+t plant isF&dicnted. It 3 11 be oted that on 4 * b 

W e:~rs of plants A-2, A-5, and A-8, and on the first ear of t'ile main 

stalk of{ lant A-7, tberln-r.ran QQ- L!k 

P 
a ratio of $ pale key,nel to $variegated kerne& 

'I/: ,-- r,t,d?4 
L ant::-!ocy.nin 3igment 

I among the m be:-iri.n~ classes, and that the -Dale nhenot;Tce was 1Lnked IZth 

Y whezfnieas the variegated pEhenot;:,?e was linked with y. To facilitate ready 

anpreciatrion of t,!is, the pI..e;lot;;pes of the pigment benring classes of kernel: 
,-. ti”CG 

'The &a?xhelof4kernel type.S)(&kered> 
on these ears are entored in table 6. 7 8n the remaining ears &?&ble 5', 

exhibited 

the wuhlbers 
are entered in 

a more re- dy a:;!>:reciation of 

than one inde endentl;-- located controlling element w::s present in,plants 

A-2, A-5 and A-8, Jr rJ$JJ$- Linkage of U pale W with Y x83 @zm&+ W 

tm 
-_ - 4-s-m&- on the ez ob+ -. s Cja.;ned from plant A-8 but on none of the 

other ears was thexae good evidence of this. The ratio of kernel tapes on 

the err p-educed by the tiller of plant A-7 t;as ve17y abe;*pant,:& &A~~ 4 
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variegated kc;-nels apne;~- ed among the tot&l of 112 that f;Zd anthoc;:-cnln in 
"11 a!. \ 

them. 
': .'\cla 

From the r-tioaof Sh2 to sh2 on this ear, it was clea:q that tP.e- e 
4 

d,'!d b of cultu.7e 6629, w the test cross with plants th:;t we- e homozT,-gous 

for al, sh2 and y, F e. I k. are entered in table 8. An ap!lroximate I()': $'ratio 

of pale to variegate-id kernels was 9- _ expressed on the e::rs m l, plants 
“c;dJ$4-Lai.mf4&L 

B-1, B-3, B-4, B-7, and B-10 and on &he first enr40f G-5, @n the remaizing 

10 ecrgwhose kernel types are entered in t:-lis table, other ratros of -2Lese 

two claas:.;s CpQa c; 
*I -$.@ 

of kernels were w . n several ;Fears 
(! 

, a class of kernels 

a>pec.rdd' .that e,xhibited a marlFed alteration in pnttern of variegation, 

The number of such kernels is indicated by an asterik. These ke;-.nels 

were colorless extent for or several very.; small dots that ex'-.:ibited 

the A1 phenotype. It will be noted, also, that on those ears in C.5 cl?. they 

1 .'I 
~~~xsGM&zu app.-:ared in a!;.-:-,ecioble numbc:rs, likewise ox?-ibited a 

ma;-ked increase in the propor.tion of the colorless Sh2 class of kernelz, 

As will be shown Inter, t:-:ese totally colorless, Sh2 ke:,,nels, with rare 

exceptions, belong with the v:-riegated class of ke:.anels. On a few or the 

ears lrhose ke-nel t;,Tes are ente:,ed in i:able 5, one 0:' seve:?al ke::nels 

exhibiting on1.y one or a Pery few small dots of the p1- t:,T::e pigr:lent likewise 
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were present but because the table 
Y 

t.:-er:r: not 

-. . indicated in it,and y of the;-1 was deferioed ?;ntil this time. 

(It $&k be &?%,$M nod however- , that stud@ of the progeny derived from 

-theme kernels hi& very decided modi?icat;i n of vaz-,iegz.tion expression 

revealed the Spm-r;r state of the Spm element and this iqill be considel;ed in 

1 
OLQPO Sk 

de "vail in sec%ion 00. It stiould be menticne thai:, the4 kernels 
& q-g12 ,!r?&r!/C *’ pfY@gz! Ice /JJcyuq&d 

. . . . exhibiting tMlf7v were not always randorr;lg 
", 4 

dist-ibuted over t??e ecr. Qn some ears, theg ITe:;e adjacentlp aligned, 

forming a cluster on the ezr. 

In addition to tile test crosses conducted with j:lants in cultul;?e $629 J 

alreadg described, an ear'of a tille- of plant 66298-2 and 6629A-4 tad-km+ 

";i p-Q4GtpT62-" 
self-pollinzted and pollen collected from th@ tiller h ::laced on the 

A 

silks of a tiller ear of ;c,lant 6629%2 and 6629B-6 . The rati. o:;.‘ k: :,,nel 

t;{Ees on the resulting ez?.rs need not be given here as t.'ey add little to the 

inforiration alrcad? . i-lowev: r, the phenot;fpes of some kernels among 

them served to illucidate the mode of operation of the inde;,-endentl:; located 

ele::lent and this will be discussed shortI:,- after* the test cross..s ;rith Tlants 1 

in cul-l;ure 66~8 are considered. 

As ment'oned earlier,page 00, the plnnts in cultu?:e 6628 t:e>:e de?-ived 

from the pale, Y, pr class of kernels on the self-pollinated e-:r of slant 
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*6C-4,which was homozygous for a 1 m-1, Sh2 and pr but hcterozygous fo:- the 

or not 
alleles of Y (Y/y). In or&der to loam whether/the derivatives of a m-l 

a 
1 

-1 
in each chromosome 3 would express the pale phencty!-e ant4in the s::.mme manner 

by each, these plants were crossed 3y plants homoz;::gous for al, sh2 and y. 

All gernels on t'ne r-:sulting ears xere unifor xly pigmelltcd and the: giaade of 

intensity of this was the same in all of them. some of the a 
,~~,&J'cenC &lJyJ % p&&&q a t&N6 61 sh2, Y 

t-plant s/\were w homozygous for Pr whoreas otl:er were homo7V:!gous for 

GWCQ &w?$J 
pro From compwisons of pigmnt type in kernels on ears produced by use of 

tlii.w&J 
4 

bhelse two tqqm of tester plant, it was c#em+y a:-pa?-ent that with Pr 

present, &&.E an intense anthocyanin pigmentation r..enred in the aleurone 

layer of the kernel, tk;t: t is present. 

the intensity of anthoc;.-anin pig::ent in p,+ fi&gMy lIu&M 
In contrast ,/t'nose that were homozygous for pr was much I?ees m 7 < 

/$$&ld LAjLiM.Q cYj-?pm 
wm with Al. 

WGJ-FJ distinguishing . The:e Xlleuld be no ~G&USW . . in B 

a- 
%e pale, pr, 

/k-CT ;i?.tJ( cm kQn/w4 m from t;ke Al,pr W. With t-is in mind, attention 

;a CJ;' DAm 
glTrPGto the note entered at the base of *table 5 and table 8, 

Here is given the number of kernels th.:t expressed &IS-E full A1 phenotype 

in the pr class. Those of this type in the Pr class could not 

* 
be distrnguished they are incl-c.ded in the 

pale classes in these tables. The fre xency of appearance of kernels 

with an Aj.phenot;Tpe is so low that inclusion f: of a few oi' them in the pale 



t&a 3 ; 
c 

In this regard, it may be mentioned here that in subsequent study 

Of aIrno it was often necessary to use anothr state of a1 m-l that gives 

rise to k mels exhibiting a,nale phenotype in both the purple (Pr) and 
A L . 1' 

1' 
, -4-c - i.2s.Q 

red (pr) classes, Vd!ily L&i bui,&bec 1-e r.,uL.F:Lb amd _ 
b 

c13sses nrodw1. 
4 > 

In examining the kernels on the ears derived Prom cross Of plants 

6629%2 and 6629B-6, which were y/y, by plant 6629s~ic, which was Y/y, some 

&I 
m iIkA&&mtc t&b deek~;-p~*~+ q& 

qvJ'< kernels that had se areELs exhibiting &pale pheu:ot;T-oe., 
4 

the pigment in 
In the Pr class,/these areas wase quit= intense. In the pr class, in 

Contrast, the pigment intensity in thepa F was arow; :,i~ghf?act, with 

h exhbitied 
respect to pigment mti, the pale areas/m similar Sm 

A 

intensities v as those expressed by the pale kernels in the Pr and 

on ears 
pr classes m/entered in tables 5 and 8, In plant 662911-4, one 

VbMG 
independently located controlling element was present and cerried in its 

n 
b y-bearing chroarsome, 

(ho- eu”“~@-~ 
4 w of crossing over, some of the Y carrl-ing 

gametes pl?oduced by this 711&t shou3zd have this element, and 

crosses wZth plants in 8629B, some kernels on the ri:sulti.ng ear should 

in the Y bearing chromosome, 
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Among the Y class of variegated kernels on this ear, several IEZZIEC s were 
l&A+ltrd* *oTd 

found that exhibited white starrch immediately benigh $ pale area, and the 
A 

cllrdweekl/s 
correspondence in tlneir borders was exact . ,J The:ae seemed little doubt that 

&&+J&& (QjQ/+& cLpwdLtit@J- ~~~~w& 
s associated with loss of the segment 

4 
-bearing 6 

of the p,,chrol-:osome/that removed both Y and the independently located 

controlling elexent. In other words 

variegated 

of the independently located controlling element)l' 
~~d,~~~\.~'~~,~~a.~‘~~ m&tcuM~b. 

MO attempt fas madea'to cros% plants df dulture'6629 to those of 

culture 6628,wh$ich were homozygous for a derivative of a m-l 
1 

and for pr, 

md Y, %nilar types of cross had been made in the summer of 1951 evkn 

though the ears derived from t'nem had not been examined. fiowever, on one 

ear of a plant of culture 6628, which had been used in a cross with a plant 

homozygous for al, sh2, y, and pr, a single variegated kernel was present. 

* @-4JJJqw w@-w~ 
It was a co&a&&u& in that U-&&,Pr and Y instead of pr and y. k 

A 
-36 $ncpQ . &bviouslv w+G$ee 

'4 from functioning of a stray poihh grain produced 

3 bJdl=Jbbkq~ 
by a plant in culture 6629A. The- plants were growing in the next row 

a 

and were immediatel:r adjacent to those in cu&ture 5628. Since this 

A-1 Fjib Aunt-w $2 tIJbo.&-pcL(I . 
kernel showed spots of deep pigment in a colorlessibackground <W a 

4 
it seemed evident that the independently located element 



in the almD1 systnm had a duel function. In its absence, al m-l 

functioned in the production of anthocyanin pigmentJalthough in a manner 

(r-h~&~ 
not w comparable to Al. In the presence of this element, all 

4 
. evidence of this W was suppressed. In its absence, ~&JFWJ& 

L.l!.hwm~d&&yi3\ # 
*, - ofat: rj?2.ug-& al 

m-l B 2, . no change 477 fi.:;m 

its presence, on the other hand, return to t&~ Al-t:: e 

e-n+-- in some cellA, &The time during development &en this 

change in mode of action occurred -4, and the number of cells in 
ikrt& 4.Q fvLwbd~~ vws\~WW%~ nqr?_r~-~*~~lolc~Q1Q-~ 

which this took place,was genetically controlled. '&;'&-:refrl examination of 

ears produced during the summer of 1951 was then immediately undertaked 

the mechanism associated with control of gene action 

at almW1 had been gained to allow meanin,gful interpretations to be drawn 

-m \ ,&tLudin(f, k+b'IsiLuj bw ,h ht$J ti k&b LG ' 
from W, Ba-.-e-*-.&--**-*e. These examinations 

substantiated the inter-oretation of the mode of op,-,ration of the 

independenti element and therefore this element was given the designation 
I?8 

Suppressor-mutator and s;:mbolized as &pm. Before considering the evidence 

obtained from these examinations, a resume will be given of the 1>esults 

so far obtained, the interpretatjons drawn from them, and the problems 

they posed, 



Studies outlined in this and the previous section wore conducted 

with the progony of oneplant, thnt of plant 5719A-1. In t.?is plant, 

the expression of % al m-1 
lo, carried in one of its chromosomes 3, 

was very different from that given by the parent plant having a m-l 
1' 

secticn ,, ' 
As stated in pEIp9cki 3 of tnis report,‘ 

J) h pJ& w p4!d 5-l '5% -4 
W,-iias considered %G h,-vz 

4 ' 
1 an altered 

2 'I 

state of alm-lj(I In plants having t:lis state and also Spm, small streaks 

with 
3 

~22 deep-anthocyanin pigmentation apzear in a non-pigmented background 

although occasionally, a large area exhibiting tl;i:: ;?henot;i:pe ma;T $ppear, 

. . In the kernel, small ~QQPZ~~~W deeply pigmented 

spots a?:?:c:?r in a non-piglxented b*,ckground (photo, ) altjzough, hC?re also, 
._ 

ancasionclly, a large area of t?:is type ap>::e::rs. The d-&&&Q 

phenot.;;pe$ W&G exhibited b- the kernel that gave rise to plant 5"719A-1, 

by @Be plant itself & &L Z~E+Q -: -I.. 
\ 

a!:,oenred in the majority of variegated 

@ .&JJm~Csb-~ 
plants and kernels in the progeny of i/t thnt\l;lp-Pe czrried through three 

-'Led lg&, 

generations. i-iowever, on some test cross ears produced by so'se of the 

progeny nlants, a few kerlnels a!-!:>ec:red that exhibited a marked deviation 

from this pattern. In them, the number of deeply-pigmented spots was 

very much reduced or none aploerred. Ho explanation for t11is had yet been 

found. Also, on a few ears produced by the test C:~OSS~ a key;nel 

exhibitin:the full Al-tJqTe pigmentation appeared. 
J The nature of the 
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change at a7 ml resnonsible for their an?lerrance *had not yet been 

In the absence of Spm, 

plants that were unifor-nly pIgmented but the intensity of this, and its 

LLb&JtiflaccLc a-idW-l~~$ RI, 
distribution within the plant dG%f&~& -L%Gw&&~~ cm ,^, - .u 

a GpT 

@&~&./The kernels were likewise pigmontedJ% the absence of Spm 

and this rigncnt was uniformly distributed over the aleurone lager 0.1: the 

From the ratio of pale to variegated korneis on the ears ?:roduced 

the 
by/test cross of -:lant 5719A-1 (C, table 2), and from the ratio of these 

W!&JfJ?d%I 
kernel t:;pes pn ears produced by test crosses of its progeny, it wes 

4 

concluded that plant 5719A-1 had at least three Spm ele::lents in it and 

that one of them i,fas loc:ited in its y bearing chro:losome. Howev":r, the 

number of t.!!i.s element in the progeny derived from a test cross did not 

altasyVs conform with that expected, and the test of plant 61~52-3, table 3, 

illustratest'.:is, It was expected to have one Spm elelnent but the ratio of 
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pale to variegated kenels deviated markedl:;; from the expected one to one. 

&J nau9 d ua poJ&* fimf4 pm, - - 
l .<> Also, ni types of test conducted m CL- sf --: 

ihe 

4 

CI . -tGp ratios/f luLdl* ', that did not agree)- one another. n 

This suggested that the Spm constitution in dif'f'eront parts of an 
@j&Jppdr,DWt 

individual plant 1% not &&ke. It was susl-:ected that these diff'orences 4 

arose from somatically occurring transnositton of Spm,but no tests of this 

had yet been conducted, 
qcjyj2 ca & o--pb-q~@lw\. 

As emphasized above, t&e interpretations of the w-e 
.2 I, 

W+FB drawn from evidence obained only from this one isolate of al m-l 

9J-Q -s&P- mmw*~* 
Others that ~IXL&UC& quite diffe:>ent @W-W+XM had been isolated It 

* t 

was therefore necessary/to determine to what degree the behavior of each of 

them wc:uld conform with the interpretaticn that had evolved from study of 

de w 
budone' 

d%P abl vJ&&&?4 

* /I* /\Tests had been conducted witl14tMm dur'ng the summer of 1951 

and when the ears produced by ther?e tests were examined, it was ralized 

&r-M 4j-J--4eqwy\gu ' o.en$& .-. 1-J ~,/@@&Jtl&h~Lyd 
that the interp~~etat-ion~~~_uld a;Tpl:T thithem. ZF j$t m4 m that , 

each isolate of a m-l 
1 J ori.gil=ally selected because of f&e modified 

cL4ab&&m 
variegation p:tternnit had exhibited, arose from some alteratron that had 

occurred to the orlg;-i-nal almol 
J 

and that each such alteration was r sponsS.ble 

for the ty:::e of variegation pattern exhibited in the presence of Spm and 
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also for the type of expression given in its absence. some of the 

LAO 
evidence for t-is maq now be reviewed, 

(?4kklh~auuceLw q,pb8te"p BLEW $* P@tf .,b . ' 
18. -*f L My= de of action ofSpm,W& 

. 

During the summer of 195'1, plants were grown from selected keynels 
C SX?)) 

on ears produced by cross- of the original a m-l 
1 carrying plant to those 

4 

that were hoaczggous for al. Fifty-two lants were derived from k::;rnels 

<E.&t 
4 exhibit- the uattern of varieg..tI.on by this, orig?-nal state of 

., I 

al m-1 (photo. 1. Seven were derived from kexels Ghose aleurone l:-tyer 

was uniformly pigmented, 
h 

'nf W+&, In addition, 

plants were grown frc'm two kernels I modified patt,:rn$ of 

F;u)' c- 
Variegation. One had very many smaljd~ snots in a colorless 4 

la*,;--de- - c . In addition, kr:r>nels were selected from 

Q-&.&cd !&A 4 ,^"- ' cg,m '&+f 
ears produced by crosses.' 4c33? some 0 f the.plants groxn in the greenhouse 

4 
43LJ 

during the winter of 1950-51, Selections were made froms4ear$ produced 
Q-$4) lw ,h.&U%u3tqk*i ri.8 

either by self-pollination or 
4 

by a cross wit.3 a plant homozpgous for al, 
4 lhForcp (20 !&fg&$. 
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Plant 5'7OOA, derived from a very pale colored kernel, developed 

intense anthocyanln pigment in stalk, leaf-s!le th, and glumeh.,, It'1 la% 
‘&.C% l&y3 

used in a CTOSS with a plant homozggous for a 1, & &I the resulting ear, 

half of the kernels were very pale colored and half we-ye colorless. 

'IL J.A.b.4+ ,- 
b i 4xL&#FM c-;x-:: ed a derivative of al m-l 

t 
that ha< been received from the 

4 
m-l p" '! !rlj&T u&4 3 

original a1 plant, in one ow cl~o :o~omeQ 3 and al in the other. ,/+ 

Plar?ts we3 growm from soxe of the pale k.x~ne3.s on ti:ic ear. 

From the self-pollinated ear of plant 571.8, some of the vzziegated 

w-Q-dbqT&u,, m 6wv!GLeo 43, n(l8-4 lJA&. w bt+fbpJcfl~--) 
ker-nels were selected and :,lanLs grown from them. Plant 5720, described 

4 

in section 3 , hzd a modified sta+,e of a m-l 
1 

i.n one *l-&z chro:‘iG so‘., e :I 3 

-&lo ?* ; q I I':-/] L[?s, p--i ':I? ;I- : :' I #,$#.& 
and al . -_ in the Other. 'W state p:-educe d both large and small r' 



(f@ ,u4&cBolp~“J i-looi?, 5lir., 5’11TA.y 5 v-g-1 
selected from ears produced by cross;s-'aioI.ants cc, 

ck~d 5-l 2L? , 
and the culture number 

+Qw 
given to the plants derived from each selection. 

Discussion wili co~~~~ence i.;itll tests conducted wit-r pl.ants derived 

h"J2 5 p &+b 
from selected ke:-.nels on the ear produced bp -Lb rl~x~s of =lant 5719A-2 

@&&6puxw.$a w 
4 

&+8a8 that was hornoz~~~igous for al. Plant 5719A-2 was alm"/al in 

(v2J-b-42~ 
constitution, Gn the e?r this cross produced, thers were 24 unifoxxly 

? 

pale colo::aed kernels, 
Al--ty"e 

250 kernels exhibiting dots of deep/color in a 

colorless bcckground, and 25'9 totall:? cclorless kernels. Among the 

variegated class of kcxels, some showed, in addition tc the deelolg- 

pigmented dots, arcas of light pigmentation, all oi' wZ:ich had the same 

hwd\l4 LI0tJue one of the 
grade of intensity. In a few kernels, ~S&LEUZ lightl;; pigmented r-reas wase 

1 

large, covering as much as an eighth of the area of the aliv. yone lager, 

Thefe was, hoxeve??, 
4&p &I.[ 

much variation in size of E3dL areas w%thin a si:?~;le 

kernel. Some of the ke_-nels exhibiting Ynese areFLs were seloctc-ci an2 the 

plants grown from them given culture number 6081A. 

The fre;:uency of apl2e:lirance of diffe-ent classes of key-nels on the ._ 
q $hx!d w CfdbiQ (PG%l~ m,vj . 

self-pollinated ears, 
,,Lt+mJ 0; -&4&q 

4 
on ears produced by,crosses 

4 
with giants ho~1:o~7g01;~s 
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appearing on ears -3roduced by 

similar types or' test conducted with the parent plant, 5'719A-2 (A, B, C, 
I 

~d+bVtl b-- Ok- 
table 2). Thex:e was a marked reduction in f-w- 

* I 
~J@&* c.3 + 

variegated c%&wM+H!& kernels and an equivalent incre:zse in I&& of w 
$Jgg@d &&$dh I - \hh & /tQ.r$&, lJ& l.lJfjc *; p$Y! &fa 

pale -. MfhW, gigment intensity was greater iJi?en Pr 
A 

d-m lI!khd-, 
was present than when . kiowever, the 

Pr-carrying kernels in the gale class could be distinguished readily from 

those that exhibited the full or near full A1 t:sr:e pigmentation. This is 

with*. 176 
in contrast to the pale, Pr class zqqz.~ahlcm produced b,state s 

dirficulties we:-e encountered in making this distinction, as 

described in the previous section, .- 

& 
@& h%!.oJ~%~~~~~d (~&#&m 

the ra<io-js,lm in table 19, 
qwL 

the m constitutior 

&JJLwW fl.& 
-is given in the last column, 'g&&s 

and A-8 had one Spm, 
4 whereas plant A-5 h,:zd two Spm elements located at 

14 
LL different position $ in the chro:~losome coilll;: enent, 
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clearly all of the variegated k->rnels on ears produced by? use of pollen 

I -q-SW 
of 32yjaaw:, . 7, Qg -slants on silks of plants homoaygous for al (C, table 10) 

4 

had, in addition to dots of Al-tTyoe pigment, areas of v-:rious sizes 

exhibiting the same grade of pale pigment that is present in the pale chhss 

of kernels. In other words, Close kernels were similar in pkienotype to 

the kernel from which each plant a:-ose. 

. . . u.e”R -srukl -I a&+.-j--.-- B L-+&g&&+ r. It was learned in the previous 

section that SUCh nale are,:s could be expected to appear if, for some 

reason, the Spm element (s) in them is lost from an endospe?m cell during 

(.,cn,~d\~\\2k, nog.FJ.chhm- pd 
develonmcnt of the kc:-nel, If one Spm element is prcsent, loss of it 

A 

from some cells at various stages in development would r .sult in the 

appearance of pale areas of vcrious sizes. If two Spm elei:lents were 

present, simultaneous loss of each or successive losses of themWwolyld be 

required in order that a pale area would appe:.r, Because the female 

pa::ent contribute two identical nuclei to the endosperm an? the male parent 

only one, the initial Spm number in the endospe-ms of variegated kernels, 
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entered in B of table 10, would be at least two whereas the initial Spm 

number in the majority of those produced by the cross of plants of A-2, 

A-4, and A-8 in C of this table would be but one. It was obvious from 

observations of ke-nel tyries derived from all crosser-s entered in table 10 

that a relation existed between the number of Spm elements in a kc:rnel and 

and 
tne frequency of apcearq,ncek the size range of pale areas in it. The 

Spm elements w,as being subjected to some t:)Te of modification but the nature 

of this was not discovered until later. 

From the same ear that produced t'ne kernels fromwhich the plants in 

6081A were derived, another variegated kernel was selected. It 

exhibited only the deeply-pigmented dots. 14 0 pale areas were present, 
Qx~lJQQM+nelecxpcR+ tlA&J)~tidoW/KC)urtiU-b@ 

2 Plant 6081B was grown from it. The types of kernels produced by self- 

h5 pollination and reciprocal crosses with plants homozygous for al, are 
..4 

entered in table 11, The rntio of kernel types on these ears suggest 

that this nlant had more than two Spm elements in it and these ratios 

conformed wit?) those obtained from the parent al m-1 plant, 5719A-2 (A, 

B, and C of table 2). It would appear, then, that selection of variegated 

ke:nels exhibiting pale areas of various sizes in addition to the dots 

with Al ty-oe pigment in them, is an effective method for selecting those 

kernels on an ear th:?t hcve only one or occasionally 2 Spm elements& dlQ4Y-4. 
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A test conducted with plants derived from variegated kernels on the self- 

pollinated ec?r of plant 5719A-2 did not negate this. 

From the self-pollinated ear of plant 5719A-2, variegated kernels 
d- 

~WtdQovlldp 
having m dots of Al 

3- 
were sown under culture number 6080C. There 4 fi s- 

was one variegat cd kernel on this ear that exhibited a number of pale areas- 

75 
in addition to the Al dots, The slant grown from it was given CUltU;?e 3 

-p 

number 6080B. 4 Reciprocal crosses of t'nis yslpnt to plants homozygous for 5 

al produced the kernel types entered in table 12, This plant proved to bz 
73 

* 

homozygous for the m 5719A-2 state of aIrno'. 
3 

From the ratio of kerneg 
A 

tpes on these ears, it may be concluded that plant 60EOB had only one Spm (z 3 

element in it. In contrast, among the seven plant in C of this culture 

that also were homozygous for this state of almW1, only one h:Ld a single 

Spm element in it,and%he ratio of kernel ty:-.:es appe,aring on ears ,-reduced 

23 by self-uollination of these plants and by reciprocal crosses of them with -.- 

d: 
plants hornozygous for al, given in A to C of table 13, indicate this. .g 

& 
Ei 

Tests conducted with some of the progeny derived from ,lant 5719A-1 i 
4 

were Liscusscd in previous sections. 't was obvLous from ti:em that plant 9 
2 

5719A-1 had more than one Spm element in its nuclei. Kernels derived 

the 



‘i R-1 
that exhibited some pale areas in addition to ti ~mall~spots W&S'- * .# 1- 

Three plants WSM derived from kenels of t3i.s 

two 
j! of these three plants one Spm 

MJ4zhtdpti~~M VvdJd L!rtJd p&& cq Lr 
was presentiand in the third, two Spm elements were present, as +-'%3°,~,~y, 

w bok6C ,i!(u CL+ci~-‘k?~,;~ 4 
. 

e. Again, it was noted'that the variegated kei-.nels 
-I Qp&l 

Y 
on ears entered in C of this table were characterized b- .the appeclrance of 

pale areas in addition to the Al spots, whereas these pa3e areas were 

rarely exhibited among the variegated class of ke::n(:els in B of this table. 

Variegated kfmels derived from the self-pollinated ear of plant 

5'718 (A, table 2) were sown under cultu:?e number 6045, Although 16 

kernels were sown, only 4 plants derived from them survived to maturity. 

Two of them were self-pollinated and crossed to plants homoz;:gous for a 
1' 

The tyne of kernels on the resulting ears are shown in A and B of table 15. 

The pattern of variegation produced b;tk-re 5718 state)of al 
4 

m-l is very 

sharplp expressed. 'There are small dots of the Al phenotype in a colorless 

background, as shown in photo 00. In the absence of Spm, t3.s state gives 

rise to kenels that are only very faintly- pigmented. Difficulty was 

encountered in detecting this pigment in so?:le kernels on t:Te ears enteiaed in 

. 7 * ---a4 table 15,s nf+l -- Y *-. Unless 

this nigment WELS undoubtedly present, the kernel was placed in the colorless 



class rather than the pale class. Because of the very? sharp ex-oression of . 

variegation among the Snm carrying kernels and also because of the faint _. 

5718 
pigment produced in its absence, this/state of a m-l _ has been useful in a 

1 

number of studies of the Spm s:rstem. 

Subsequent tests conducted with plants having state 5718 al ITl-1 
and 

Spm have indicT+n LI,,ud that the appearance of kasnels having the A1 phenotype 

in its progeny is rare. The number with this phenot::pe derived from tests 

of plant 604SB-4 entered in table 15, is unusually high. SY 

The same collection of pollen was used self-pollination and 

I$, the test cross entered in this table. 1-t is suspected that the tassel of 

mutant Al 
this plant Ill&m which pollen was collected had a small/sector 

I and 

w tJ.4 f-j \ /uncubocuX c4g.‘d 
that the pollen grains XJCEZX~ dorived from anthers in t3is secto>were 

M J-k4 
res::onsible for the anpearonce of the -F+T!-~ number of ke nels 

exhibiting the A1 phenot;;pe, 

kernels s2nxf1~&~ 
A number of plants were grown from/me e;rs produced by crosses 

conducted with :-lant 5'720, With rare exceptions, the ste' e of a m-l 
1 

$&.s ,lant EZ.XY~ and in its progeny gives rise in plant and kernel to 

mutant areas that exhibit only low levels of -oig-ient Intensity. As mutation 

* 
inducting events ma;: occur very early in development of ~+EI~Dw r,lant m 

" 
:;,, sporogenous cel.ls,D 323 , a numbcr of 



77 

c a:zTy 
gametes are formed by plants having this state that ?x.xx~ a mutant of a 

m-1 
1 

The:,efore, many kernels appear on test cross ears thct express this. 

One grade of pigment intensity is expressed in ec-ch but the range of this _- 

(tJQb--~ 
among the mutant carrgfng kernels is from very .faint to mediti d:rk, 

4 

When a !2lant h,am-7ing this state 5720 of a m-l 
1 and also S;pm is used as a 

pollen parent in the cross to plants homozygous for al, only one of the 

three chrol:lozomes 3 in the endospefms of kernels on the rassul%5.ng ear carries 

this al m-1 . Among the variegated class of kernels with this constitvt?on, 

mutant are7.s ap?:ear. Each expresses one ;,nrticul~~~ gra &a of p:i.gxent 

intens?ty with2.n it. Then, however, tne reciprocal cross is made, among 

f&A e&G 
the variegated kexels on the resulting ezr, mutant a:'?ezs w appear within 

&2d 
A A 

w&G& the:z ax'e smaller areas exhibiting deepe? shades o.f pigment intens;ity, 
.w -VA 

kit@ 
TX& sT1-L0 ‘0 &@JL’X l-d 

This is exgectcd these kernels m-q e nf m-l 
E 1 al 4 in txo of its 

i&C6 
three chro1::oso::res 3,a~dbutation-inducjng events macur to each 5nde-r:endentZ.y 

40 
Of Mother. kti Types of k::rnels an::e:::ring one e,zrs produced ti cro;s~ 

2 

Of -plants that were almgl (state j720)/al to plants homoz;:gous for al 

are giT:en in table 16, In t?is table it PC11 be s: en that We number of 
P , \‘ m 

+&&4aa the number of coP&rless 

subsequently l.eaxed that :-r:ith state 5720, no antllocy;-anM 
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. 
Q$ pigment is produced in either plant or kernel xIIen Spm is absent. %UEXX & 

The high Y,ate of germ.Znal mutation Froduced by this S’j’ZO state of al m-l 

vr;blp $R!uJlA -s$-- 
resembled that produced by the original state of a1 m-l from xhich it was 

derived. Howev r, with this 07igizal state, the majority of germinal 

pzxq~nrt.kx+&h::-t; express 1~ levels of pigment intensity 

LX Because of the very high rate of gemfinal mutation given by the original 

m-l &NiH 
4 

sta-ke of a 1 , kt WCS not colnsidered to ke a useful one for analysis of tine 

mode of opzration of the Spm qstem and tests of it wers not continued 

beyond the 1351 season, 
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5. Individuality of exnression of each state of aim-' when 

two different ones are in a plant or kernel. 

During the summer of 1951, crosses were malie between plants 

carrying diffc?.ent states of aIrno %@Jh and the tyne of expression GS each 

&a% % the keinels on the resulting ear was examined, 'We m 
I 

dlf&-w (MAudb& VM fTmu+et w tp59 .w da *9,=': - of E+z -1 state 5719A-1 with state 572C and with the 

original state, state 5718 with the original state, st:-:te 5'720 >rith the 

original state, and state 5719A-2 with state 57OOA, not previousl2.T discussed. 

carrying state 5720,a&-/~he types of kernels a:-:pearing on t&a ear produced 

-. 
by one such cross will be given. Pollen from :-lant 6042-9, that carried 

-262 
state 5720, was 

resulting ear there were 4 uniformly pigmented kernels exhibiting tkarr, AT- -, 

type nigment, 
A 

cJw4mlwtiw 
spots of the Al type pigment in a colorless background,-- the typical ," 

pattcrn produced by state 571eA-1': 
/I\ Pollen of this plant was EBxn placed 

%AQ $hJi bog bC- W y+h QWk’tLLbluy, ;:, - tzP+&&uflJy: Qa-3 “.t&y 3?.f#A t”Qd 
on the silks of a plant ho?:ioz:rgous for al and on the resulting e;r there 

/\ Y 
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212 kernels th:>t were uniformly pale colored, and 465 that expressed the . 
variegation pattern typically produced by state 5719A-1. v Plant 6042-q 

variegated 
had been derived from a/kernel on the self-pollinated ear of plant 5720. 

Pollen from a plant homozpgous for a1 had been placed on the silks of SQ 

a 
q tiller eur?of this i::.lant. 

p-n -d!.& --<-9 ..I_ 1.4 / . The kernel t;wes e?~Jtlx , 

ear were as follows: 32 uniformly pigmented kernels, each 8 particular 

Pi@ 
level of intensity 0 

4 
but in 

n/all of tih&&$his level was low, 102 

variegated kernels with b&I+ laT--ge and small areas exhibiting low levels of 

vr\hh4 and- 
pigmenteintensity/in a round, &qn addition, 239 ko-nels 

$.).@ v 
in which no piwent was observed. When Dollen of plant 6042-9, with 

aM4h q&J&&r, . - * _ '> 
state 5720, was :Tlaced on silks of a4zEtle.1. zsz of plant 6046C-1, it was 

cL;M*eLp~w; 
ihf 

learned that the -i,ollen parent was homozygous for state 572OL Thus, the 

CDDBS was made between a plant homozggous for state 5'719A-1 and one 

homo zggous f on state 5720, Tnere weye 216 kernels on the ear this cross 

produced. Four of them were uniforly pale colored. In 18 others, spots 

N Al- type pigment were present in a w lightl:? nigmented back?ro I4 

QPha e pattern of the&A 1 spots was that characteristically produced by st::te 

5719A-1. The intensity of the background pigment was uniform over the 

aleurone layer & each kernel but the level of this differed among the'iQ. 

+4(-=-w% 
kernels. And, these levels W&S& the same as *that sles~~~~~~Pilx 

4 



apporring among the unifomnly ::igmented kernels on ears produced by the 

cross of 
plants having state 5720 to plants homozggous for al. In addition, 

ww.dqlp 
the?e were 194 variegated kernelsA These kernels had the nattrn of Al 

spots produced by state 5719L1 and also the patt:?rn of lightly pigmented 
A-d-b (hhQs@tLeL-w ctlQu?m, I'; 

areas characteristically produced by state 5720 J (see photos), The over-all 
(?ptbAo~&UH JduJdso (kgi!wpw* 

pattern was that which c 
4 w 

from superposition of the 

paMtern produced by one state & that produced by the other, Ezch 

state express &lf 
w 

A its own tyi-:e of response to the presence of Spm. 

It was assumed that in the 18 kernels s;:owing the variegation pctttern 

+wnQe++~ t$i?&& pQ) #($&!&d-L4 
.oroduced by state 5719A-1 

dwQ?- &f&-Q 
rr~&+&+~stable in the presence of Spm, 7~been--e-enttibuted--by~-~~W 

4d.u w- 

c=*ehm The correctness of this interpretati n VJBS made 

evident in tests of the plants derived from ke:nels of this t:-pe that were 

conducted in+subsequent year: The plant derived from each carried a 

of a "-in one Chro30sone 3 * 
muta t/whose R !,I 

exT,ression wai stable either in the presence or the absence of 

Spm and the state f;719A-1 of a1 m-l 
> 

in the homologue,whLch c ntinued to 

f- !CtJiJ 
express its individual variegati,n pattern in subsecyuent generations. 

-1 
n of the tJ9es of test that established this will be postponed '& i c.. 0 

9 until a description may be given o:t' the means b:\- which such tests a7.e A%@ & 
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As described earli,Tr (p:lge: ), plant 5700A was derived from a 

very pale colored kernel on an ear produced by cross of the original a m-l 
1 

carrying plant to one that w::s homoz;Tgoug for a 
1' Tollen of :Tlant 5700A 

was placed on silks of an e=r of a nlant homoz;Tgous for a. 
1' Two tzLe es of 

kernels appe::red on this ear, those that were very pale in color and 

those that were colorless. An accurate classification of the two types 

was not attempted as the intensity of pigment in the pale class was so 

belonging peuPtktiltioBac/elm 
low that it was feared that some/in the class would be placed withtithe 

A 

colorless class. Some kernels that certalinlp had pigment in th$m were 

selected from this ea$and the slants grown from them in the a~mmer of 1951 

w:re given culture number 6078, At least one ec r of each i?lant in this 

culture received nollen from a :-:lant honczygcus for al and sh 
2' On all 

ears so produced, 
very, 

there wre only the two classes of kernels;/pale colored 

silks of y 
make. & some of these ears: ,' As an exam:le,/the fi.rr:t ear on the main "zVh 

stalk of slant 6078-5 received pollen from a nlant homoz?gous for a 1 

i,air.k 
sh 2' On the resulting ear, 256 kernels certainly had pigment in them A 

b \Q-&.Lb . p\gQ&AJx @ .&.a& Qt$b a&tL+#at( Izjy(nd&&&&,‘ 
M-the remaining 314. aI . A tiller ear oft?is ,T 

A 

plant was self-pollinated and sitilar difficulties were: encountered in making 

MwW0-d 
accurate classifications of thesptm classes of kernels. 

/\ 
Among the 424 id~i>:& 



this ear produced, 254 had faint pigment in them but the remai ing 170 

appeared to be colorless. The silks of an ear on another tiller of t 
bo7%- 5 whose constitution mm-1 

plant received pollen from ?3lant ~o~oc-~,z~&E.Ix was al 

The first ear on the 

main stalk of ?>lant 6080C-7 a self-pollinated and among the 234 

ke:nelsW&!$?& ,= i , one was fully Al in nhenot;il:e, none were pale, 172 

were vnricgated for dots of Al in a colorless background, and 61 were 

colorless. The second ear on t'ne main stalk received pollen from a plant 

homcsygous for al. On the ear this cross produced there were 11 pale 

(-/JI& 57\q b-x CWM &F2bt& @ @ ‘lr I 
colored karnels, 97 showing dots of Al in a colorless background, and 127 

41 

*1 
that were colorless. Pollen collect-d from a tille:- of tkiEsplantbo%d‘-7 

da- was placed on the silks of an ear p- _"r_ tiller of plant 
.~~T~-J+..h @  t&f$litbo"lj-~~&:~~~, o-&&f~&&L&A&J, 

607WT ~ @e types of kernels appearing on th@ .ear were surprising. 
~pMuyd??&&a 

There were 2 kernels exhibiting t&e full Al-ty: e pigmentation, 75 kernels 

that were unifoxly pale colored, and 132 that aio::eared to be colorless. 

In addition, there were 259 variegated kernels. Airhty-three of them had . . 

&-k-J 
w % dots of Al in a colorless background--the pattern of variegation associated 

q~~p~r,~\~w~a/J-~~. 
with state 5719A-2. The remaining 176 variegated kc::-nels ey-hibiteci + 

dh- 
l?m+kep areas 3 efl full Al-type pi,P;ment a-: any qmaJ7 s+e& < A 

. In s3me of t?ene 



k:-:rnels there we~c a few m areas and in oti-:e?- 
n 

a few areas that ap;~eared 
UJY. Tlitwd&~b2ti (-n&&w .uA$rp~~lup~4 

to be colorless. It was sus?&ctcd 

7 

immediately that t3.e l2lants in culture 
Jbv* th flv&&L~*c $?pJA, l$,& n_x@g$ cr4sq pi.iLlJCL!ti~~ o&j&&qac;l p#+&&,' 

6078 had a modified state of al m-1 but no Spm. 
A 

Introduction of Spm 

through a male gamete of plant 60&X-7 revealed the pattern of variegation 

this state would produce in its presence. 5+ Subseguent tests substantiated 
:ctc:~~J~.*&Y~Lg &&LtJlb rs:$+&&.q~"~& q&,zu-k pQ@Li& ~~~~~&i~t,~~urLtipblcir,F7oon, 

%kk. 
4 

They commenced with plants derived from the pale class of ke:~ncls 

on ears of Usplants in culture 6078 that were nroduced by/cross 
the qL 

with >>lants homozggous for al and sh2. %e t~rzes of test conducted Tdith 

these plants will be discussed later. 

examining some aspectes of the Spm s::stem of opea tion. 
4 

4 

Plants derived 

from the newly appearing variegated class ofl kernels on the ear produced 
I-PM btJunbt& da 

by the cross of 6078-S by 6080C-7 were also examined. Borne of them w@& 

i2lQ.w 
4 

a1 mal(stnte 5700A)/ al and others i&W 
4 

al 
,- 

m-l($@fNe 5700A)/alm-1 (state 
5 

cvh 
57198~2). B&G+ state,$?&:>ezred Bn the progeny of $&.TI$s having this 

, 
latter constitution,L&. W 

f;ti\ulgh &Ajluydp f.TJfhd Wh 
ch w retained its own properties v&He together 

A 2 
0, 

In the nuclei of ~WI-E? plant. 3&z&&z~ B)iscussion of the manner in w;7ich 

lkhu 
these tests wer + ade >;ill,be uostponed until tlhe methods adopted for them 

may be considered, /' I+ 



Besic!es the intercrosses of T-;lan%s cnr;~. inp t'!:e distinctive states of 

orTgina1 st:rte of "1 m1 in one chro:oso-rye g and al in the lio~?ologue, ~.rith 

plcnts having one 0:: t3::e following derived states: state 5718, state 5'719A-I, 

In the summ.r of J-951, 48 slants were grol"rn from variegated konels 

apl3e:lring on ears produced by cross of the original al m-l carr:?ring slant 

to plants th: t we?s'e ho::lozygous for al. 
I !I "hese kernels exhibited a pattern 

of variegaticn that ws common to most of' t;he v::riegnted kcrnS22.s n::~oduced by 
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test crosses conducted with the orignal a '"-1 
1 carr;-ing plant (phots >, 

The slants derived :?:oom these kernels likewise exhibited the same bizarre. _. 

types of variegation pattern that charactrized the appra:*ance of the 
“p-q-@ - 

kenels. !f!t was obvious that chane:e 

d@pJ 
4 + 

'm-l b@d -a 
"1 A. 

ww+ occurr-93g in a number 

4% ofqcells of -& plant and many of the&m ea!:;lg in G&H+ development, 
A 

Th8!:!,lants were coqosites of distinct sectors in e.zch of ph&ch a pr>rticul::.r 

phenot:;pe was expressed. Many of them exhibited the Al ph.e::ot: ‘(se, In 

others, the pigment was uniformly distributed withi the secotr but ti& 

inte:isity M was low. Still other sectors were distinguished by t&J 
ci -. 

distinctive typep iiihlm*e 

I These WV stre:.ks of the Al type pigment in a non-pigmented 

the t;;pe of pattern of variegation.+ exhibited by one tiller diZPe::-ed 

JL&um+ i&A 4 
greatly from thct40f the main stalk and & otner tillers oti th& same 

4 

plant. 
s‘n- C-,hv 

Some of the variegated plants that we:=e alm-:/al in Constitution were 
b 

used as female parents in crosses with plan-ts homozggous Car a1 .and shz. 

The ty- es of ke:-nels apnearing on the resulting ears are @ :/en in A of _ 

table 17. Pollen of two xsilants were u sed on silks of 7lantS cZrr:-ing 
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a modified sl;nte of a 
1 m-l (state 5718 or 5'719A-1). To serve as a con<,rol 

m, part of the pollen collected from each plant was -laced on 

silks of ea;'s of slants t'nat were homozT7gous for a,. The k, : nel t:,T:es on 
p(adLrq $. a-j $ -ru.fu @a& lth!i& p!.i2~ 
SW=W ears4az'e shol$m in B of table 17, In this table, the kernels t&&- 

4 

are *-laced under the headingHAl". 

Under the heading of "pale" are placed those k.?>nels th..t were uniformly 
a p&tgg& VJ &J~L~al m+ 

pigmented but in which the intens%tp of MX.&SKC~J~O \;lower -tW 1. 
rjr.&.flV & &J &\qJ& 

-lo/, 
4&' ,~~&A 

. Wthin this class, tM&e I"T-.~ 9 rary5e;m intensity 
4 

from very faint- 

bA pw fn..some m to m:?ddium dark fe others, All ke-nels 

exhibiting variegation f or anthoc:~anin pigmentation are anr&ered under the 

had both 
heading "variegated", Most of these key:nels m large hndsmall 

wJ.4 ~&.xj.h f&k@JJ, @d&3 -4 
areas with the A 1 phenotype a&. pale ayeas., . In the last column of KC&S 

I 
\'I &I 4 -pc( v 

table are entered the number of ke n&srexpr SW, a markedly altrc!red 
h Y 

pattern of variegation, . similiar in -Qpes to tnose m*ti 
A 

altered states that have been considered in previous sectinns. It may be 

seen that the number of them is low, However, other changed states, 

less easy t, detect, were being produced. Gne of the:: was detected 
c";o-. p&j&& 

because it was present in -Q@ cell whose descendent cells gave rise to an 
g,, jh, k bfd-. -l-J!!!& J-43 fL" 4 

_,- 
ear,%&& had been used in a cross with a plant homozygous for a 4* ahd sh 

, 1 2' 



The pattern ex:rt:ssed by the vGriegatzd kernels on the resulting ear was 

of one type and it diff red from that given by the original state of a m-1 
1 l 

This similarity in patt' rn made it possible to know that an altered state 

w::s present in the cells that gave rise to t!:is ear. In the presence of 

Spm, this altered state produces many small Al dots, located very close to 

each other, and also some larger areas exhibiting the A 1 phenotp!-,e 

(Photo. >. To the naked eye, some kernels having this pattern of 

variegation may appe?.r to be uniformly pigmented. iiowever, micu?Dscopic 

examination of them reveals the pattern of Al spots that is resconsible 

for t17i.s deception. The dots of Al are so close together that. there 

distinctiveness can not be seen except when viewed under magnification. 

(In all studies of variegation, kernel t;(.pes on ears a-e ex*:mined under 

magnification in order that details of imortance in them would not be 

undetected.) In the absence of Spm, k:i-~nels in d-iich this state of a m-l 
1 

is present have pigment in them, but this is so light in intensity that 

de.tection of it someti:-zes is difficult. 'he ty-De s of kernels on the 

ear 0-Z' the original plant having this state 5996-k alye givei1 in C of 

table 17. In plant 5996-4, one Spm was present and it w@s carried in 

one of-its two chromosomes 6. (See footnote to table 17.) 



On the eax produced by crosses of plants that were a m-1 (original 1 

atate)p' al to plants that carried eithc_r state 9X8 or 5719A-l/al, 

the original state of 
many of the kexels that received/aim-' ,or a mutant derived from it, 

could be recognized. Likewise, those that received al from the plant 

having "the original stzte of alm'l and the derived state of al m-l from 

the other ppcrent also could be recognized. This may be seen from the 

photograph of kennel ty-!es appearing on one such ear (photo. ). 

However, kernels with a E~&&&K- new phenot::pe appeared on these ears. 

They ‘had the pcttern of A1 dots given by the derived state of a 1 m-1 but 

pale 
these a:>pecred on a/pigmented background instead of a colorless backgn,und, 

This suggested that the nlant carrying the o?-,ig;i-?a1 state of al m-1 had 

contributed a mutant of al m-l giving a reduced grade of pigment intensity 

and that this mutant was stabe in the presence of Spm. Tests of plants 

derived from such kernels indicated the correctness of this interpretation. 

In other words, the origrinal state of a m-l 
1 

was giving rise to mutants that 

were stable in the 'resence of Spm, 

Some of the pale mutants produced by the original state of a m-l 
1 

that cre stable 
/ in the presence of Spm very much resemble in their phenoQ.-nit expression 

thzt given by some of the derived states in the absence of Spm. 'Li'his is 

strikingly illust rated by one tyne that resembles that produced by state 
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S'i'l?A-l.in t he absence of Spm, ki:rnels having state 5719A-1 aye <eeTly 

pigmented Menever Pr is present in them. However, when the koraels are 

horn zygous for the recessive allele, pr, the kernels a-1-e only lightly 

pigmented. Some of the stable mutants derived from the original state 

of al m-l give these same phenotTypes with the alleles of Pr, It would 

appar that the production of either a stable mutant or a new state by 

the original state of al m-l is associated with tne fate of the controlling 

element at the al m-l locus. Its removal or total inactivation could 

slight 
give rise to tLe stable mutants whereas a/shift in its location, without 

inactiv::tion, may be resxonsible for the origin of scme of the altered 

states. It is apparent, nevertheless, that the production of st:tble 

mutants by the orig.nal state of a1 m-l is far more freq~uent than the 

production of ebviously altered states of the types that hnve been 

described in t%is report. 

In the cross of alm'l(original state)$ a1 by al m-1 (state 5718 or 

5719A-l)/ al, the Spm number WLIS known only 

3 f!g tJ\- 
in the plant c:rrying t'ne derived state. The Spm number in plants 

4 

the original s&te could not be determined readily from the t:,-yes of kenels 

&Q @I& 
appearing on ears produced by testycross:.; conducted with $3~. The A 

?I:_. ving 

frequency of occurrence of germinal mutation was too :ligh, Nevertheless, 
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the 
the types of kernels appearing on the ears produced by,/&Icess of ;lants 

carrying the original state to nlants carrying the derived states, whose 

constitutions were given above, is instructive, and the t;-ues of ke:nels 

appe:;ring on six ears produced by this tyl>e of cross will be given. 

There was a total of 2l75 kernels with the followi g phenotypes: 

the 
277 with/Al ww phenoty:?e, 71 that were uniformly pale colored and 

m-l had a derivative of the -xxx 
some of these obviously -*rnv*- the original st::lte of 

m-1 and 
al introduced by the parent Irving it, Eighteen other kernels were 

uniformly pale colored but supperimosed on this were dots or spots of A 
1 

with a pattern given by the derived state of m-l a 1 used in the cross. 

There were 1207 variegated kernels that fell into two distinct classes: 

602 eThi.bited the pattern that is characteristically produced by the 

original state of a1 m-l and in some of these, t'ne presence of the derived 

state was suspected, and 60~W'~~ that exhibited the dots or 

charact,,ristically produced by the derived state and 
spots of Al/in what appeared to be a colorless background. In additi.on, 

there were 602 colorless kernels. Tests of plants derived -from kernels 

exhibiting the variegated patt rn of the derived state on a pale pigmented 

background, and those derived from ones in w:lich both the original state and 

the derived state were suspcctf:d to be ureset, confirmed the suspected 

constitutions of the kernels from which each was derived. From the former, 



the presence of a stable mutant in one chromosome 3 and the derived state 

either 571.8 or 5719A-1, as t'ne case may be, in the other chromosome 3. 

Plants derived from the latter ty::e of kernel had the original sake of 

a1 
m-1 in one chromosome 3 and the derived state in tne other. 

Tests of a m-1 behavior tnz 
1 

t have been discussed i: detail in prsvious 

sections 0-Y t.As rc>:oA were all conducted during the e,.rly :I r?od of 

study of al m-1 . From them was developed an interprctztion of the primary -' 

mode of op!?ration of t'ne s:rst~m r:,sponsible for control of gene expression 

at alm'l. The origin and behavior of diffc ,ent states of al m-l were 

considered, and the discovery- of an independently lotted element, Spm, 

whose mode of action bras outlined, was likewise treated. Eev(:rtineless, 

up to this time in the stud:, of a1 m-1 , no nrevise tests of this interpreta- 

tion had been conduct,-:d. 

The interpretation that hod been developed implied the following 

conditions. Spm is ax -mtiW is the indenendently 

located element in the alm"l sys-tcm, and it is subject to transposition 

from one locntion to another in the chroxsome com;?lenent, In its 

presence, change occurs at the a m-l 
1 locus and th&s may lead to oze of two 

ma&n consequences. One of them results in a stable mutant expressionj 

+ Jk ch mu$ant~.~~~..;~esscs 
4 

one mode of gene action, recognized by the d-e-grep a&- 
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t& anthocganin 
and kind,,of/i~il;ment that ir+w in pl;:nt and k;;<rnel. The second 

chanlts in an alte:qed state of a1 m-1 , e ch str:t e exprc,ysion the-8-deafter one 

P na- titular t:'pe of -3sonce to Spm. This is fis related to conLro1 bp the 

altered a IX-1 

1 itself of the time during development when subsec:,uenti chan,ye 

1511 occur WI it, the ty:?es of mut nts that these latt r chnnrres will 

induce, and t,:e number 0: cells in w?.ich such events will occur. The 

number of Spm elements present in the nuclei of a plant or kernel does not 

particular most 
alterthese qualities of a/state of almB1. In the absence of Spm, a 

states of 
arbti~ al 

m-l 
function6 in the produchion of anthocganin pigment in botn 

of vigment 
nlant and kernel, and again, the t:@ /and level of its production -E&.X 

3cpmtxWm is a quality of state of aim". T'nis function is su?pre?sed 

in plant and k:-:rnel the 
Uhen Spm is present in thenuclei. Removal of Spm from a ~~LEXLX* nucleus 

potentially 
wf a somatic cell will allow the/functional activity of tie staI:e of a m-l 

1 

th?t is present to be exoressed in its descendent cells. 

The above statements incorGo:c:ate the primary conditions imposed by the. $ 
:: 

intcrpretaticn. 1%~ kvidence 
"I;- ,$ . . I+M--E~ Tiara the general 

?)jtJrw w@.kI f-JfJ.:t: <P {,I GY!LI, 
; 

validity of this interpretation, * Therefore, 
$ 

such test were condu.ct d .; t:' 
4 
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The interpretation of mode of control by Spm of gene expx>ession at 

m-l 
a1 , outlined in previous sections, recui:Ted precise verification, end 

tests devided for this purpose were conducted during the summer of 1954. 

The interpretation considers that no Spm is present in the uniformly 

on ears derived from crosses entex:d in tables 2 to 

8 and 10 to 15, but that it is present in all kernels exhibiting pigmented 
4 

areas in a colorlesg background, It also considers tAat each state of 

a1 m-1 
& ' ibawn . I. will respond to any isolate of Spm ine manner,-. .LlbCIlC 

4 

illustrate, if pppllen of a plant homoqgous for al and cl?-rying 1 Spm 

v@- 
is placed on the silks of a number of plants, each derived 30x1 a pale A 

colored kernel and in each of which a different state of a m-l 
1 is present, 

on the ear 

present in tne ear becring plant, 

If the pollen parent s11xG.d have 2 ~PF ncn-linked Spm elements, 
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then on each of the resulting ears there 
'I," ii‘ '+ 

should be a ratio of one4pale 

'7tl. i -j8 "Tw; m 1 
colored ker:nel to 3 variegated kernels among -t&e a - cm ~w.B& 1 

s 
A 

d, 41 (y],f,i~(y& i&r, :d.J . t..c i<( ntc.1td 
and again, the ppttern exhibited b :~~t&m should be that E&E& by the 

state of a m-1 
1 that is present. 

Several t;ges of test-cross were devised that made it possible 

to learn whehter or not Spm wer present in any one plant,and to demonstrate 

L:'du.,;&& 
with certainty the c ' -~ 

fJi J? iv ‘<,.E ? i(dl & 

-7-y state:of a1 m-l __ 2both in the 

,j-c\Jp 
presence and absence of Spm, A These were conducted during the summer of 

1954. Th$/plants to be tested wel*e derived from selected kernels on ea:.s 
1 

produced by cro::ses made in previous growing seascns. The types of 

kernels selected, the number of plants derived from e2c.h type, and the 

origin of the exzr from which ti selection3 :J&~ made, is given in table 

18. 
fJ& &-I&J 

All kernels r? from one ear were grown under one culture 

numbor, that entered in the last column of this table. I-ioweve::, the 

"&+jf&j (d r i!' y&:, ) 
kernels of ench classj/ixx&xj ?:ere separ~ri;9d-..fr& sx-~-~Sk~,& 

4 

JJXXWEX separately from those JW r, each given the same cultu2-xe 
63 .[ +. p1R,* -.: ' p fi$ : ; A 

number but appropriately distinguished by a lettar of the alphebet following 
thg,eC.tm number, /? 
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The most critical types of test-cross were conducted with plants 

three diff'e:rent categories. The plants belonging to the 

first of these were unif rmly pigmnted. They were derived from pale 

each 4ti 
colored kernels on b self-pollinated ears of plants/ha&& one 

particul$?r st2l;e of alal. ~ Bach of the tester plants in 

category wn~ homozggous for *particular state of al m-l 

in the parent plant. They were also homozygous for Sh2. 

this first 

4-- &. A.. 
that wxs present 

A, 

Within this 

category, four different states were represented, and these are 

s, 3 u&J. ] -- 
part I of table 19. The culture number of eachAfrom which the* origin 

P -.I 
"@.I, crh C'lr ,x- I 

n. ,. Q may be traced through table 18, as-w&L asf;:le+constitutians with 
2 

regard to genetic markers carried in chromosomes 5, 6,and qpa:r.e nlso 

given in this table. 

If the plants in part I of table 19 are used in crosses of the 
4 

following ty-!e s, only pale colored, Sh2 kernels should apy3etr on the 

resulting er.rs: 

(1)Crossod with plants of the standard al/al tester stock. 

(2) Self-poll inlted or sib-crossed 
&& j, ,i&,?! ?$.@&,d&,(~f, F’< 1 ,.i ” ..< 

(3) Intercrossed with plants in the same c-tegorylbringing togethFrAtwo 
diffe-ent fq-1 . 

(4) Crossed to clants derived from the pale class of kernels in table 18. 
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(5) Crossed to some of the plants derived from the colorless, sh * rI‘ p"?-'4 $ 1 
culturss entered in 

kernels in/table 18. 

If theP&plants in part I 0 
)#\A JM 

f table 19 are used in crosses of the 
$&A b&q 

:* 

fw typ&',, both pale colored, + kernels and vcriegeted# 5 

kexels should appear on the resulting ears: 

(1) Crossed to some of the plants derived from the colorless- iib*$ 

ke:nels in cultures entered in table 18. 

(2) Crossed to plants derived from the vriegated class of kelnels in 

are 
cultures of table 18 in which the constitution of the plantsg# aim-' Shy 

al sh2 . 

From cross (1) immediately above, all the variegated kernels on the 

a pattern "nQ &,&e t&& $a 
resulting ear should exhi.bit/that&js exgec-Led to be produced by the state 

of al m-l present in the tester r::lant, AwQf one ear of the al/a 
1 

plant received pollen from a tester plant homozygous for one state of 

m-l 
al and another ear of t&e same plant received pollen from a tester 

plant that WCS homozygous for another state of al m-l , then among the 

/ ;;;$l"$g azmxmq each ear, 1 a distinctive patt-Tn m -, s ould 
cJJw$k QL" Q$q@i^;;? J&&JJ-- , Glrl!i *F!.' g.i@a-, _._ . . 

be expressed, 
‘\ 

one pattcrn’on one ear and another patternjon the other 
4 

/. !F ear. 
fjJ&'.il4 a m& ,*,w 

The pa.ttern W vov;ld 
q \.r z"t 

/\ 
W-J 

t t'ne individual response of %* 
4 c 

state of a m-1 
1 1,. 

contributed by the tester stock,tc: the presence of the 
.c, : 

same Spm element. 
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From tqrpe-cross (2) immediately above, two class! of variegated 

kernels tiould appear on the resvltlng eizr. One shoul.d exhibit the 

variegated patt..m produced by one state of a m-l 
1 

superim>:osed on- 

that produced bg the other. These would be the kernels receiving al m-l 

fbom each parent. The second class should exhibit only tne pattern that is 

produced by the state of m-l a delivered to it by the tester plant, and 

IL Iid 
these kernels would be those/receiv' +=& 
9-d ix ,= -I +.&a & ~~~cb.+ \Jf,*,.fi * 

a1 from the plant being tested! 

On the ears produced by the type-crosses described above, it should 

be possible to determine the Spm numb.:;r in that part 02' the plant that 

prod&d the ear used in the cross. 6 This could be deduced from the ratio 

of pale to variegated keynels that appearSon the ear. Also, if the 

plant being tested we1.e heterozygous for one or more of the genetic 

markers in chxmosoxles 5, 6, and 9, given in table 19, then the location 

Of SPm with respect to these markers could be detl:rmined, prov&ded that 
u .jQJ &': w,Q &if..!J ;,~~@~~~~,~' : 

&~thstester~klan 
UP-4 *"q* 
, these markers,wer 

r-8. 

entered in part I of table 19. From the 

kernel types on the resulting ears it was --ossible to de%+& r~&=%&& the 
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ctw 
- a1soT4- t, the number of Spm elements &Be& were present in 

any one tested part of a plant. . In many plants J 

~&ZZ&EZ the locu.tion of Spm with reference to the three given genetic 
?4] : +t (4 ~~.i.uE;~g&J 

maxkers, Pr in chromosome 5, Y in chrom: soxe 6 and Wx in chromosome 9, 
4 

1 the dirferent 
These tests also SW confik'the individuality of/states of a 

m-l 

w-e% ;I $.** 
in tid'control of pattern of variegation in the presence of Spm,and,ty~e of 

q&J &/J&f ?m#if& aa . ' -. 
.r w,?? c I 

gene expression giveQ in its absence. Before evidence H=i&+++s 
.t 4 

presented, Yne usefulness of tester plants in each of the two remaining 

categories wil!. be described. 

For some types of tc-st, it would, have been desirable to use'plants 

that Bere homozygous for both al m-l and sh 
2' 

At the time, no plants of 

this cons?itutLon had been constructed. Theiqefore, kernels that were 

a1 m4 sh2/ al sh2 app!?aring on ea=s produced by the crosses entered in table: 

5 and 8 were select:-d and plants groom from them. All oi" them had the 

XICZ&E 5719L1 state of al m-1 . Four plants were derived lErom pale color::d, 

sh2 kcrnelgand 6 plants were derived from variegated, sh kernels. The 
2 

ears from which each of these were selected is indicated in table 18, .^- 
Q., /,' trz !\'i J,i/f yj,*f ,g@q 'I?\‘ 'it;‘,{.: 1 i. i7.I p;J i.6 s] !"$ 19 -2 .,':r I& , :t v+ h ( ., ' 25, 

The e 
i * 

RJiQT \t &.i& 
of these plants xith respect to Spm$nd&&~~~lleles of Pr, 

+ 4 

Y, and Wx are entered in p arts II and III of table 19, 
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The plants in Part II of i;able 19 were all unifortiy nicmented. 

When pollen from any one of them was placed on silks/of plants in the 

standard al, tester stocks, one-half 0-f the kernels on the r sulting ears 
b 

were uniforsnly pale colored, sh 2) 
and the other half weye colorless, sh2. 

Xhen the same l>ollen was placed on silks of ears produced by @Aants 

da-t 
der-ived from the pale,Sh2 class of kernels W&J&& had the constitution 

al m-1 
i+- w\'c') 

Sh2 / al sh@ tne ratio of kernel ty:X:es on the reculting ears were 

as fOllOWS: 2 pale colo:Ted,Sh2 : 1 pale colored, sh2 : 1 colorless, sh2. 

However, when the pollen was :llaced on sflks of ezrs of sister plants J 
f% -- S.&J‘f~ #+, ., 

derived from the variegated k*-:rnels A 
,,,pale and variegated kc:xels appeared 

m-l 
al carrying 

on the resulting ear, not only in the Sh2 class but also in the/sh2 class. 

This indicated thxt the variegated nlant carried =Spm to which the m-l a 
m-l 1 

a 
iii 

k2.l ikf&~ &l $- 
in the/s 2 chrozlosome d-3 f~ the tester l 

5, I.$ 
m could respond. It 

LA -* ‘. .,'I .I_ 
was important to compare the ratio of pale to variegated in the Sh2 class 

I 

with that in tne m-1 a 
1 I c- sh2 

class in order to learn whether or not 
O/.I 4 

T 
{,(J. ) fc.: :“l< 14 ‘A-‘ h.~.,. _ .* 

d-6 

;z, 

Spm was located in the WIEBB chror:osorxe 3 that had a1 m-l 
Q &&y q,$,: 1 .j$l $!!! 

and Sh2. If so, 
s\ b 

the ratio of variegated to pale kernels in the Sh 
2 class wc?z.ld be greater 

$han in the sh2 class. Tests conducted during -;;he swnmer of 1954 did not 

reveal a case of this but similiar types of test cnnducted in later years 
I 

did reveal the presence of m Spm ~&WXA& in chrox:oso:-le 3 in soz-?e plants. 
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The tester plants in pt:rt II of table 19 xere also used to detc:--,mine 

if the uniformly nigmented plants derived from unifor ly pigmented kernels 

appe: ring on ears 
/produced by cro::ses of ??lants c.crrying the $720 state of a 1 m-1 (see table 

18 for selections) carried a stable mutant of state m that would not a !, 

respond to Spmrin any manner. These ~~lc?n.:;s had P B state 
fjr !,J (Kxiw 

572O'jfl 
p,.h 

A 
and Sh2 in one chro:?osome 3 and a 

1, 
sh2 in the homologue. 

L-u 
If Spm were also present in them, to which the mutant a not res--.onding, 

then its presence would be mu revealed by the apncarance of varieg:?ted 

a1 m-l(state 5719A-1) 
ke-nels within the/sh2 carr:-in; B class on ears produced by 

0; &j? r.rL 
crosses with the tester plants in part II of table 19. 

4 
This Qpe of test, 

as well az some others that will be described late-, indic$ted the stability 

/~A &CA oc m. 
of the mu&ants '*I,! I r4 derived from state 5'720)for some or" the plan.i;s aa+~&~$t&xn 

-4 
@&I b IMQ 

also 1& Spm, 
4 

The tester mlan-ts in Part III of table 19 we:r'e p3rticulzly useful 

fog int#?oducing the Snm eZ!e:rezt(s) in them into k rnels on e::rs produced 

,;,,.:w 
by plants that !*rere derived I'rom pale, Sh2 .-in tab1.e 18, 'I'3is >JCiS f 

especially im:~o -wl -\ rtant when the state of al in them was not 5719A-1. 
,.,<I rl#; .: '! i f&to j-J-w.q& \JJ(,,j@j ' $ &,$&J+ CQ 4P C~&Tj,q x&r:* dG"J 

In all crosses of this type, the sta%c of a,*-\ 
A 

carried in the plan-i; being 
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tested would respond to the Spm delivered to the endos?-,c--;m by the 

t ster plent. 1:' the plant belnz tested was a m-1 (any stfite but 
1 

5719A-1) Sh2/ al sh2 in constitution, the difference in VW 
n; F 7,@.~.C( QTJLAJ &.,&Bcm 4 "2 

patt:-:rn &EL the Sh2 
4 

class of k,rnels when comp;‘:r:ed 1~3th that in the sh 
2 

class was always evident and this was strikinl:ly so when the plant being 
#- i,. I+ r P - 11'. I!-& \ : -,1 i p"'rJ ' '1. .c *a.$. j, , yi1" / c/ ret \ 1 ./ 

tested had either state 57OOA or state 5996-4. This was anotii-?r tBst 
-2 

the:: confirmed the uniq.ue response of each state of al m-l to any one Spm 

element. It 1~~8s also important for demonstrat:ng the relation of 

response of the a 
m-l 

1 state in the plant being tested to the particula-iq 

%lmrW 
Spm constitution in the tester plant.'\ B #W S pm wer;, linked ti th a tior,rn 

CwLlr, 8 
gene marker (Y Spm / y t in -.:lant 66663, ta;:le 19), the kernels on ears 

1 8 
' 

CL 
produced when its Fallen was used to make W cross SW linkage of 

QJJ-w fi?odlb p& WeGaRs @aA; L4,aAapLc~~ 
the variegated class of kernels W dn all ears here the 

A 
L. , . constitution Q I the plant being tes-t;ei +x&d 

.- . 
i - 

Ad. L 4. -Ihe ratio of xriegated to pale kernels 
! 

f.. [I ."+ 
carrying sh2 LFJ. reflected the 

number of Spm elements that were present in the tester plant (1 Spm 

@JJ! 'q 
in i?lants 66663 J 66713, 6673F and 6690 and 2.t le::st 3 in plant G68OD). 

A 

Plants derived from the uniformly pale colored kezmels in table 18 
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developed anthocyanin pigment t&& wc".s woaker in intensity than that 
4 

produced wInen Al is present. 
fyil p, L'l.'.J 

Among theAplants derived from WZJ 

variegated kernels, two distinctly different types of pigmented areTLs 

a non-pigmented background. .&b&J. 
One @q+m W .L I 

anthocyanin pigment resembling that which is produced when Al is present, 

,gd the size of thz; areas in which this ;Tigment was ?-xsent was nec.rly 
,,if tI?e st2tc of al 

they could be large if 
in the plant was 5718, 5719A-1, 5719A-2 or 5999, but 

always small, 
the state were 5'700A , 59,9f5-4,0r the original one. 

being no mo;ye than a short streak, )I T'ne other w m 

v pi?gment whose type and intensity was that ICLIC~ the 

a1 
m-1 produced in the absence of Spm. 

y&J: i&@LL qw 
'Tks+e &rczs coilld be of 

A -I 

state of 

any size, 

from one that included a large part of a plant to small ones tnat al):-c3Yed 

as fine str:xks. The number and the average size of these areas in a 

plant was correlated with the number of $rn elements that were present in 

it: the higher the numbzr, the fewer were these are:;s, and the smaller 

their average size. In plzntswith three or more Spm elexnts _. in them, 

fy+w+d &Q&q - 
the V~~Jr 

IJ,.:"~:c; produced only, by mutation occurring to the al m-l . 
1 3z&ikm, w!:ereas if one 

@ ; -mcqsLtruJ 
S?m were present, tile w pattern was a coqosite of t3e two 

n 

types of yignsnted a:c,as, the ?Jale areas and the a:e?s produced by mutation 

m-1 ofal . It WCS learned later that the pale pirmented are:.s ap aring 

in plants 



from some nuclei duz=ing development as a consequence of transaositir.n20r 

b 
: [! g/*, effectiveness 

&IS loss 0:' its zUzti* as a consequence of its inactivation, If only 
-44 OSf?.t (.‘.I :1p !.I/ -CL && 

one Snm weLie present, .- 
ft 

e?thcr of thesenevents -W-*%-t in 
A 

a nucleus would result in the a:.pczrance of pale pigment in its progeny 

cells. If two or more Snm elements we7c pre::ent in a nucleus, then 3.n 

event mu-t occur to each of them at one time, or a succession of such 

:ver:ts must occur, first tc one Spm element and then to the other, in 

order- that a nucleus a:-ise 4n Clich there is no Spm activity, Thus, the 

pattc?nb of vzrieg. tion exhibited both by kc::nel (see qage (Do > and by 13~3. 

0 ;.,l &JJ, &; i C,: 1,s. 4: j >! 1.T 
plant may be strikinglg diffeI,ent depending u>on the Spm num?>eI-iin Weir 

.) __I_.____..__ --ul= --. ------y-v-' - - ".. ., . _ I 

TL 

____ . ___-_- --- s i . t-5, y,:.~ 

nuclei,. However, thlis relationship %=s not an absolute cne, Enzr F]bt also 't., 
fi, 1 

/ depends both upon the time dl:ricg develo?,l;lent i$leen these events OCCIP and 

the fre:!uency of their occu:rcnce at any one time, and this is a cropeyty i. 

of the isolate of "pm present in a ke2nel or a plant. Spm el.e!qents tider-i 

go change in st::te th::t alter thc,;e prope?t;es and discussinn of this 
P .!,?I - i'i"t 

will be given in sections'devoted to transposition of Spm and to its 
*\. 

inactivation, For this rezsrn, not all k:-!i-nels and plants having one 

‘,!” I 

Spm element in them rzq e&ibit 

1 , ’ f: : I <, p,-,y 

areas. The $JI element in them may not be s~&&.&-A'freque~~tl;~ occuvr:ring : 

modi"" lLcr,tion of the tyT:7es desc;-ibed, 



j)iscussfon of w tests of~S::m conducted durriny the SUXTL' Y' OP 1954 
4 J. / 

will commence with p:70geng of plxts in culture 662911 (table 5') whose 

constitutions were m-1 (state 5719A-1) Sh2 / a1 sh2 4-Q a 1 and considered to 
A 

fJ!w 
be Y Spm / y t. The sil'rs 0;' the ears ol" plants in 6629A had received :\ 

pollen from nlnnts 0 f the st:ndard test,r stocks, homozygous for a sh 

Luec;apcacoaL,w -3 
1' 2 

and y. W &crnelS4 Q3t two Of the e;! s of plantS6629A-1 and -&& 

662$A-7 and 

ibwdumw 
v 

+ -I&%* cJJ$euuaa c2.eepcppr~s 
one e:;r of plants 6629A-4, 6629A-6, and 6629A-9,~e+e 

e&Q 
A 

sown XTable 183. The yhenot::pe of some kernels on the ear of the tiller 
A 4 

of plant 6629A-7 bJeP3 aberrant. Plants derived from selected kernels 

on this e:r we:Fe grown under culture number 6675, and tests of them will 

be conside-:ed sei?arctely &-~f' %lose conducted with 

progeny derived from the fZve other e::rs 'grown under culture numbers 
A 

6665, 6666, 6670, 6673 and 6674. 

In ta.-ale 20 is given the numbor of -'lants in etch of the above five 

cultures that were derived fro? ken els with yellow (Y) or white (y) 

endosperms among th pale ei Sh 
2' 

the variegated Sh2, and the colorless, sh 
2 

classes of knrnels on the -arent ears. In addit:'ion, one p1::n.t was Erowr. 

from a vsricgated, sh2, Y kernel in culture 6666. Four other plants 

were grokrn from kernels whose -olenot;r~es diff'eregd from ot-xrs on the 
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parent ears, as described in the footnote of table 20. 
-rFh 

e nature of 

along with 
the modificntion r sponsibl-: for them will be cons‘.dered later G&XEX W 

dd 
of- other nI.an-5s derived from similar types of kornels.mrxrax&~~~ 

tiiibwo, 

. Among the 66 -lants derived from the variegated ki:l-nels, all 

were variegated except one. This exceptional 9lr.nt was uniformly 

pigmented ancl the type and distribution of -: Lgment was the same as that 

in plants derived from the pale class of kc nels, Tests conducted wit?l 

this plant gave no evidence of the presence of S;pm in it. It was learned 

subsecuently that loss of Scm from a nucleus, either durring development of 

the female gametophgte or during ve;'-:J earl:: embryo development, will give 

rise to a kernel whose endospe-m and embryo differ in co;?stitution, and ._ 
A 

numerous and varied in tJTe. Crosss were made wfth nlan-ts havjng the -' 
7= 1y > 

following constitutions: the standard tester stocks, homoz;:gous for al and$ 

c&Q&i> "? ‘HI. :'.(f ' :<"b -+ 
the .;cL > 

sh2, / three different -of/tester !>lani;s >Those con::titut:ons are e:';3 

H 
given in table 19, and with other plants having states of a m-l a 

1 not 
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ka.~~e~.~an__t_h~~~n._eL!r and on the tiller s;ir 0;‘ :;lant 6629A-1 (see table -- - . ..___. -. .__ _-..I 

5 for kernel types on esch of+hese ears), ' ncluding the many ears obtalnei 

from crosses conducted wit'n plant 66663, wInose constitution is given in 

table 19, over IgO ears were produced from test crosses conducted with the 
f& r (L 5 p$J $ @ ,& 

plants in these two cultures. Because transposition of %m ma:; occur in 
4 

some cells during development of a plant, and result in loss of Spm or 

in chanE;;e in its number in some somai:ic nuclei, the kc:-nel t:T*pes on each 
~&aL4 

ear,&& the ratio of typeslhzd to be considzed wlith this T>ossibility in 

mind. iievertheless, on many ecrs produced by one type of test-cross, 

both the phenotyDes of kenels and the I-atios of these wzre often much 
‘fifi tb -QJhha l&,,& 

alike. Thel-efore ,,4data obtained from such ezrs w be summed, on 

some ezrs, however, the ratio of phenot;:pes did not agree with that gbxn 

by the maj0rl.t ~7 of enrs and the cases wher;e this was acted will be 1 
-&!AQ +%A 4 .$ \' yf F,! I?; 

indicated,zs deviatior?4Tften proved to be of considerable signi?'icance&\ 
;J&JL&&*~/\~ c-47 ~.AA? ckL4k j-k,&+ ‘c ", ji.ht :i S 'r 1 I;,:.;- lb 0 .L 

TneL-e we-'e two objectives for mk5ng the test-crosses entered in 
A 
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parts I and II of +able 21. One was to establish whether or not Spm 

we:-e present in a rlant,and t'ne second was to determine if the m-l a 1 

in the plants not having S~rn TWQ&+$-& capable of responding to it, 

If Spm were absent, no v-.ri,;gated kernels should apcear on any of the 

eight ecx’s produced bg the test -CYOSS witA:. the standard sto#ck that W?S 

the first line of 
homozl-gou:: for al and sh2, and as shown in nrWf table 23, none 

anpc,,red. Also, if these plants aYe c-ossed by plrnts of tester tgype I 

Or II, t2bl.e 19, no v, riegated kr::-nels shou!& appear on any of the 

resultin? ecrs, and as lines 2 and 4 of tsble 23 indica%e, none a::peared, 

_: liowever, if tester plants of ty e III, tcble 19, a:?e used in cross'-s with 

these -.lants, then some variegated kernels in the Sh2 classes should appear 

if the al m-l in these plants is capable of responding to Spm. Tnese 

kernels shou.?.d h:lve pigmented areas in a colorless background. The 
* % . .Ljl, y"~~L- '* ._, 

Spm delivered by the male parent nlant to the endosnerms of keriels on 
_1* 

the e <:r of the tested plant could allow tne al m-l in the, 
yyj p&&t~ + w!$-&&+ .m - - S 

pale to variegated k ?nels in the Sh2 class would depend+ ugon$ the Spm 

constitution of the tester plant. In all of the many crosses to pale- :; :.f4 l@ 
( kbJ+> ,+?dh ' q\ 4 \I; : Cd. &q.J A&ws g; ccc- 

plants conducted wit?? plant 6690, and wi&all states of al m-l , a ratio 
~M+,&AJ l-h..: kd 4 ,4 

of appYoxinately 1 galeAt 1 variegated kernel anpe red an each ear, d J&C 
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{line 5 of table 23, ~&3~3, t.,lis ratio appeFx>ed in the Sh class of ke.T,nels 
2 4 

-?.y.~.t Yt ht (pod a,Wr4) 
Tester plant 6680D4also was used in crosses to many :,lants with the pale 

iA@& m$ dLr4 m 1 YPN (! r". [: .:.;i d.&~* 
phenot;.r-Te we-+&%-h different states of al i- I -' l 

A 

On all ears so produced, nearl:? all the Sh2 carrying karnels we:je 

variegated -- pigmented areas in a colorless background. The data 

obtained from the cross of this plant to plant 6665B-5, line 6, table 23, 

is an illustration of t,>Ls. Th+ollen of plant 66663, m* 

r;JS s used on silks of ears of three of the pale, y/y plants in part II of 

table 21. Its pollen likewise was p&aced on the silks of calls of many other 

plants with a pale phenot::pe and on al.1 ezrs a ratio ap:,roximatcIng 1 pale 

to 1 variecatcd kc:nel$ a:;'?T:e::red. When the plants being tested we:e 

y/y in c: nst'tution, linkage of the variegated class with F and the pale 

class wi.th y was alwa:-s expressed among the kernels on an ear. It 

r&d- c2i.u 
concluded that plant 6666E carried on!Spm and ti was located in 

8. 

its V taearinR chromosome 6. Among the Sh2 kev'nels on each o,f t'ne three 
l : I' i-1 & rg 

ears contributing to the data entered in line 7 or table 23, tliis likemiSt? 
6") 

Among 
was exilibited, p$ the 413 k,.rnels in the pale Sh2 class, 160. were '1' and i 

253 were y. Among the 306 Sh2 kernels in the vcriegated class, 186 were Y 

and 120 weL>e y. 
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It is now necessar y to show that the a1 m-l in each of the tester 

plants of ty, e I, table 19, is capable of responding to the presence of 

Spm. The capacity of the a m-l 
1 

in each of these plants f;o respond to 

Spm was strikingly illustrated by tne phenot:Tpes of kernels appearing on 

ears of plants derived from the colorless, sh 2 classes of kernels, table 20,- 

when pollen from a tester plant of Type I was placed on the silks of m 

ec:r'of these plants, 

6~~--~~e~~~~‘-‘-~~~-22 . Although it could be assumed in 

&&&& XE! 
advance tnnt 

6u;l: 1 
no evidence of Spm would be W& test-crosses 

conducted with the pale pigmented -slants in pzrts 1 and II of table 21, 

an th-it evidence of its presence would be ob-trill ted from tests conducted A 
ti c*I 'J- .I,& 

with the vaAe,nated Tlants, ent-:-ed in parts III and LV of table a, no such 
a 

assumptions could b$made with rega:?d to any one plant derived from the 

colorless, m-l 
sh2 kernels. They do no have al and no anthocganin 

develops in either kc nel or i:lant, It would be expected, however, that 

Spm wou!.d be liresent in some of them but absent in others. Since, in 
. . k (‘ gij,?c.Q VJ tenp ($.J$&+CQ &&YiLI: uj ti"%& 7,0, 

plant~4k&Z&& 
-I 

Spm was ~nsidered tc: be located in the Y-bearin,? chrcmosome 

6, it could be anticipated th3t Spm would be present in more plants 
?J&:~.I r-3 r, : ,..F. -? #.&AD ., i&?b @ i, ,':,, I :/s 

derived from tlie,l,Y class o?' kernels than Ln those derived from tine'y 
\ 4 -2 
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Tests of plants derived from the colorless, sh2 classes of kernels 

were considered to be of fir:;t importance for verification of the mode 

$2 m-l 
&lvg C!‘( *.+!% 

of action of Spm and the resunnse of each state of a 
1 to,,, s. Therefore, 

A 

many tests w're conducted wit:-1 these plants, not 0nl.v with those in cultures II 

6665 and 6666, entered in table 22, but also with all -slants derived from 

the colorless class of kernels that are entex>ed in table 1.8, Ilie 

evidence obtained from tests conducted with them bears directly on that 

already discussed, and also on that obtained from tests of plants en"ie:::ed 

in parts III and IV of table 21, not yet discussed. For this reTson, 

t'ne tests conduct;,d with plants derived Prom the colorless, sh2 kernels 

in cultur s 6665' and 6666 will be considered now. 

An attempt was made to test each of the 31 plants derived from the 

;./>".A :' 
colorless, sh2,Y class of kernels and from the'25 plants derived 'ram the _ 'I 

colorless, sh2 y class of k:-:nels in cultures 6665 and 6666 (table 20). 
\ 

Tnis was successfullly accomplished with 30 of the former and with 24 of 

the latt:,r, The types of test conducted with each T,lant are entered in 

table 22, The giants in this table are placed under four sub-headings: 

th@@ that wer:e Y/y and in ;,j!lich Spm was found to be present (n:;rt I) or 
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absent (part II) and ti;ose that were y/y and having Spm (part III) or in 

which Spm was found to be absent (part IV). The first ear of the main 

stalk of these plants received pollen from one of the !f!!&e I tester ;-,lants 

ent-red in part I of table 19, The majority of the Y/y plants XZEE&E& 
q&,i, -52 ;: '$ . 

pre crossed by plants in culture 6638Ad All plants in culture 6638A 

vere homoz;gous for state 5718 aim-', for S&l2 and also for the recessives, 

Y, PrY and wx. fione of them had Sam, as the many tests conducted with 

each soon illustrated. Similar tests, eo.ually extensive, were ccndusted 

with the plants in culture 6641, whose CGnetitutions are entered in lrines 
Each r)l,mt WIS 'horno:::ygous for state 571qA-1 alm-l and none of them had Spm. 

3 and 3 of table 19, / Pollen collected frm plz..nts in this cul.tu;,e was 

placed on silks of the first e::r of thmain stialk of some of the plants 

entered in table 22, Also, as this table shows, pollen collected from 

pale-pigmented slants having other states of a m-l 
1 

(states 571.9A-2, 

57004 571@, and 5996-4) was Gts~ used on silks of othc:+ ears of some of 

these ;3lants, 

As table 22 indicates, with somxlants, xore t'nan one e8T n: r ulant . 
1. *'t\','"., :<t ,'>A [I ,-. 3; 4 T r , * : ?,- i\ ._ 

iias used in making a test cross, and the nollen pzt:,,entg differed with 
, I 

.-, 'I 1 GL 
respect to -the state of a 1 m-1 m in/;tkeffl. The pu3ose of tI2is 

multiple test of a single nlant is evident. If no Spm we:-e p:~':~sont in the 

plant, then no varie?ated kernels should a-op ar on any ear it produces. 
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If, Qowever, Sam wo;.e present, then variegated k:rnels could be expected to 

apneetc.r on each er.r &nc3 the pattern of plgmented spots in a colorless 

background among all of them on any one ears shou!_d be similar, -- that 

controlled b;' the p,articular state of m-l a 1 
-iA 2, t w2 s introduced by the 

pollen parent. 'This expectation is based on the interpretation 

m-l 
previouslg outlined of the individual response of each state of a 1 to 

any one Spm. Another relationship co;>ld also be anticip ted to a--;\per-r 

among the k :nels on t?.e;;e ears, It could be e;:oect d that in the -i?lan?s 

derived from the colorless, sh2, i',kernels, Sl;m wculd be p--esent in some,and 

in most of them it would be carried in the L bearing chromosoone 6. Thus, 

on ears of these plants, lizka~e of the vn:-i gnted class of kernels with 

Y and the pale class with. y could be anticipated, reCg:!rdless of 'tj.~Lich state 

of al m-l the pollen 3 rent had introduced, The expectations outlined 

above 1reT.e fulfilled in tests of plants in cultures .tS65 and 6666, and 

also, it may be added , in many tests of similar t;q:e that ?Jere conducted 
. ,i, fl.+,;,\ .":-k.?;~::r :) 

with plan-ts in other cultures, I. A 

As stated earli-:r, the yllants in -i;able 22 are sorted into four 

groups according to their constit,~!t:j.ons tzith respect to the al.loJ-os of ?I' 

and to the nrcsence or absence of Spm in them, b?sed on rosulte. obtained 

from the abcve descj:ibed tests of each0 Cn none of the ez.:'s produced 



by plants enterled in p-:&s 11 and IV of this table did variegated 

k,.rnels a?7T::;:r, OnlTr the pale pigm,:nted class oi‘ kernels a:>‘eared, and 

on ezch ear, the pigment in these k,r:r;nels was E& the t:r:;e tha': is 

c~a~~act~~ristbcall~~ nroduced in the absence of Spm by the stake of m-l a 1 

introduced by? the pollen parent, In ccntr~~:st, on all e::rs produced by 

the plants entered in pcrts I and III of Lable 22, variegated as well as 

pale-colored kernels ::ppeared. On any one ezr, the t>pe of ex--rjession 

of va-iegction axong all komels etiibiting it was the same. Similerly, 

the pattrn of v:~rie~ation appearing among the vzriegat d k;:rnels on 4 

had i traduced the same state of al m-l . 

The ratio of vzriegatcd to p&Ie colored kernels on these ears also ems 

ir&tiructive, foF Z$.,$txWcated the Spm nwnber in each tesi;ed plant. The 

ratio of these two classes of kernels on ears produced by the test crosses 

conduct-d with the 15 plants ent-,red in port I of table 22 aL;e given in 

table 24. It may be seen that on the e:rs produced by 12 of these 15 

plants, one Snrn was present and it was czrried in the Y bezring chro;?csome 

(Part I, ta'tile 24) 
in esch plr?ntk On t'ne earS produced by :lant 56&G-li_, pzrt II, %<ble 24, 

the data were too few to indicate with certainty linkage of Spm with Y 

they are 
altr?oug5 Z&.X%x suggestive of t;?is. However, the test-cross conducted 



with plants 666SG-16 and 666SG-21, Part III of table 24, did not give 

'{-. t& 
h evidence of linknre of Snm with Y. 

,j( (( s, .- 
In order to m of the 

location of Spm in these two plants, tests we--e conducted the fol:'owing 

year with plrnts d ri\:ed from the v<qriegated, Y class of k:;:nels on etch 

of these ears. Tests of the progeny of plant 666sG-21 s‘lloly'ed that the 

Spm in it was not linked with Y, Simil r tesLs conducted %ritLl the vwgeny 

ol' pl::nt 6665G-2.6 suggested 31-i; the Spm in t?.is plant WS,S still c-rried 

in chro.:osome 6 but at a location farther remo-vred .?rom Y than in the 

CL- -$.a( 
Darent plant, 6629A-l,& in sister plants entered in pzrt I of table 21~. 

\ 

Amon a, ti!e 24 tested plants derived from tne colo:.less, sh 
2, 

y k rnels 

parts III a.ndUV, table 22, only 6 had Spm, One test cross ear per 
1, _. p ~I.W J 

plant 5J7.S obtained from 3 of these 6 plants and 2 test cross ea:>s were 
4 

obtained from the remai::ing 3. The ty, es of crosses c nductsd wit?:: these 

plants are shown in part III of table 22 and t-he ratio of pale to variegated 
.-.. 

among those that carried al m-l,,! 
kernels/on each ear is given in table 25, The ratio of' pale colored 

to varie,yated kernels on each of the 9 e,ars obtained from tes-:s of these 

six plants indicat,-:d the presence of one Sprn in all six of them to wh.ich 

str'tes 5716, 5719A-1, 5719A-2 and 5996-b of aim-' responded, each in its 

03~n manner. 
of plants 

The tests/derived f'rcm the colorless, shS classes of' kenels 
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entered in table 22 cl$.erly expressed the effectiveness of the test 

method$ for revealing Spm constitutions in these plants and for demonstratin 

the individuality of response of each state of a1 
m-l to the Spm that was 

present in any one plant, \qitn this in mind, consideration ma;; now be 

given to tests conduct d with the sister plants that were derived from 

test 
the vCirieg::ted, Sh2 kernels. The/crosses that were conducted with each 

of them are entered in parts III and IV of t,,ble 21, Those conducted 

with fitEaa plants derived from the variegated, Sh2, Y class CS kernels, 

part III of table 21, 
/will be considered fi::st, 

of the 17 tested plants in part III of table 21, 15 had one Spm 
$- y&Q &.!.iG&:$ !iw 0) &g I,;.,. .c . r"fpf, -c T 

and it was carried in the Y bearing chro:losome 6 in e:ch. ,T&++&&s 
4 -1 

En-f3-e-turws-~- 
/ lqca+-ai.Q 

&(~+jf and..+&& .- -... fndj.Ga 
msm-‘B I&..~+-uF -**bl-e--- 21 l j The 

kernel t:;r,es on the test.c ross ears produced by these plants are given in 

table 26, 
ratio of kg::-nel types on the . ..6666C-1 

The/one ear obtained from planttdid not give evidence of 

lirkage of Spm with Y, iiowever, 
T.f@ +;&+p; '*.k b' 

tests c<nducted with plants derived 
A 

from the variegated, Sh2, Y kernels on this ear indicated that the Spm 

in it was carried in the Y bearing chro;zosome 6, j. Similarly, 

the r.atio of kernel %ty-:-,,es on the first ar of plant 6666C-2, pC=rt II, 
I\:,, .A LRi(p3 F YL 

table 26, did not give evidence of linkage of $rn with Y whereas the tiller 
4 

ear of this plant, part I, table 26, clearly indicated such linkage. 
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Therefore, tests were conducted tifi$ following year with plants derived 

from the variegated, Y kernels on thlb, ear of the main stalk of this 

plant and these established tne presence of Spm in the Y bearing chromosome 
ihi pi 'f 3I Q&";'i:g;un ?ib~,l-cr"r. 

6 in plant 6662L2. The ratio of keinel t:,-ues on the two test-cross 
\ 1 

ears obtained from plant 66653-10, part I, table 26, differed frcm that 

apperring on all other ears. There were 103 pale-colored, Sh2 kenels 

of which 45 were Y and 58 were y, and 234 variegated Sh2 ker-nels of which 

119 were Y and 115 were y. Obviously, the Spm in this plant was not 

linked with Y. Two Spm elements could be present in it or one Spm element, 

could be present and carried in the chromosome 3 with al m-1 . In order 

to determine the Spm constitution in -t-is plant, tests t;ere conduceed the 

f'ol!-owing ye:;r with plants derived from the variegated kernels on each of 
c- 

fSr?b 
the two eclrs of pla-nt 6665E-10 and these established the S>rn constitution 

4 

of this plant. It had 2 Spm element, neither of ~,Cj.ch was lirlked with Y 

$tor with al m-1 . 

The ratio of kernel tpnes appearing on the two test-cross e-.rs of 

plant 666&7 were abbarant (parts I and II, table 26). Both enrs were 

partiall:- sterile and the number of kt:rnels on each we:-e few. Tests 

.%l conducted with 5' plants derived from S+XW s._ &A variegated k rnels on the 

ear entored in part II of this table indic ated th3.t a burst of transpositio& 
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of Spm mast have occured late in development of this plant. One plant 

was Y Spm/y +, another had 2 Spm elements, one of which was linked with Y, 

a third had 1 Spm element linked with Pr in chromosome 5, a fourth had 

1 Spm element linked with Wx in chromosome 9,and the fifth had 1 Spm 

Also, 
element, not linked with any of tnese markers, / Ehe factor responsible 

for sterility was not transmitted to any one of these offspring. It is 

however, originally 
prob::ble,/that Spm was/carried in the Y bcyring chromosome 6 of plant 

One Spm was present in each of the 6 :?lants in pc?rt IV of table 21. 

On each test cross ear, a ratio of one/pale-colored kernel to one variegated 

k:.:rnel apper?f?ed among those having a m-1 
1 in them, as table 27 indicates. 

The test CTOSSF:S conductl.-id xit... Flant 6666E, part V, table 21, were 

numbrous, as mcntbqned e rlier. It was quite evident from them that the 

. 
s;prn in it was crlrried in the Y becring chrolroaonze 6 and evidence of this 

was given on page 00. Pollen was collected from the main stalk of tllis 

plant and from each of its three tillers. Tests conduct,;d with all four 

Pd 
parts of tlis illant Fndicnted that the Spm in each was zarried in the 

4 

Y bearing chromosome 6, 

Altogether, 93 of the 106 plans,< in the progny of plant 66298-l 

that wr;re grown in the smer of 1954 under cultu- e numbers 6665 and 6666 



were tested for A&.&X Spm constitution. Table 28 summarizes the Snrn 

constitutions and locaticns in the plants as ciet, rmined by the test of 

each,given in detail in the preceding pages. Similar tynes of tests 

were conduct::d with r,lants in cultures 6670, 6673, and 6674, table 20, 

derived from selected kc:rnels on ears produced by other Y Spm/y t plants 

in culture 6629A. The results obtained from them were so similar to those 

already described that a detailed descripticn of the ty-be of test 

conduct-d with each plant need not be given here, MO Spm was Round to 

be present in the pale pigmented plants derived ;:'rom the pale colored 
5“ @),A& &&4$qJJ- 4 :&j $,; :rL!i .:% -Gdr: iet. - I b 

kernels. However, in all cases where Spm was delivered by means of a 
4 

oross'cond&cted with a plant of tester type III, table 19, the al m-l 

to l&e Spm 

delivered by the tester slant, & Spm ~&BM& was found to be present in 

all varieg-ted plants derived from variegated kernels. In most of them, 

one Spm was present and in the majority of these derived from the 'l class 

of kernels, it was linked ~"5 th Y. In several plants, however, the Spm 

hnf+vdA& 
element in them did not give evidence of li.<kage with #. 

Tests OL' the plants derived from i;he colorless, sh2 classes of kernels 
[;, , ZJJ? G3 

were as extensive for Gultures 6670, 6673 and 6674 as for 6665“, and 6666, 
i+ 

just described. liere, also, it was fou d that when Spm was present in 
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m-l 
in any one of them, it was carable of acting upon any state of a ,? 1 and 

each state, in turn, responded to it in its own individual manner. The 

tests cc:!ducted with these plants may be summarized briefly. Of the 

59 plants derived from the colorless, sh2, g class o? k rnels in i;~.ble 20, 

one 
56 were successfully tested. In 32 0f them,/Spm was present &&d it was 

carried in the Y chromosocie in 30 of therae plants. The Spm in 2 plants 

d&d not show evidence of linka,?e w.'th Y. Of the 63 plants derived from 

the colorless, sh2, y kernels, 60 were successfullg ti:sted for Spm. 

It was present in on1.y 17 of these plants and one Sum was present in each, 

The percent recombination between Y and Spm in the parent plants was 

35.3. This same percent 0;' reccmbin tion anpe.:red tin the test cross 

w ears Of ~&I&L -of' the progeny plants th?.t were Y Spm/ y + in 

constitution, as table 29 illustrates. iAars on which the ratio ::as 
7;& Do %b 

exceptional, 8;11 described ealllier, were excluded from the -able, 
r, 

'The tests outlined in this section serve to illustrtite the manner 

of e::ami?:ing Spm constitutions in plants and the effect thtlt any one Spm 

will exert on any one state of a =-l. 
1 

Many ofthe te.t s included crosses 

beti:een plants carr:ring diL'f'e- ent states of al m-l as well as crosses to 

pl<?nts that were homoz:;gous for al, either with or without Spm in them. 

z'igure 1 is constructed to illustrate the $~EE.XXE& combinations of states 
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that we?e made and photo. 00 i.I_lustr~~.-ues the tyuees of kernels apTpei'ring 

1°C 
on an ear followjng such $ cross. Plants wSre grown from some of the f 

BaHegzted kernels in w .:i ch two dii?fexent sty..tes More present, one in 

Some of the 
each chro-zosoxe 3. /'Eests of them were m?de by crosses with plans 

houlozygous for al and h:?ving nc Spm in order to investigate the segregation 

of the two states to the progeny. Each st::te segregated from the oth;r 

~%~IE&x in the expected manner as if ecdh were a distinct allele of the 

other. Photo. 000 of an e-r produced by a cross of a plant carrying 

state 57OOA and Sh2 in one chromo::o.le 3 and state 5719A-2 and Sh2 in the 

homologue chr:;zosome by one that was %moz?gous for al and sh2 will 

illustr,zte this. Again, if, in t,!!ese x,lznts Spm were linked with a 

gene-tic mark r, tljis 1inkaFe was expressed in like manner by each state 

among the kernels on the test cross ear, and a large number o? tests of 

this t;r.-%e were made in examining new locations to which S;:m hi:d been 

trcnsposed. 
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Part III 

OF SPM IN al D-I-' CUWURES 

of a m -l 
1 it ~4:s realized that the inderJendently 

i 
located[element'in the system did not remain constant either in number 

or in location in the chromosome complement. The first clear evidence 

of this was given by the ratio of kernel types on earm of plants grown 

in the summer of 1952 (table 3). At that time , transposition of the 

controlling elements Ds and AC was known and it warn considered possible 

that the independently located controlling element in the a1 m -l cultures, 

comprable to AC, was also undergoing transposition. In order to 

determine thiat change in location of this element was occurring, it was 

t 
necessary to examine its location in individual plants in the progeny ,$ s W --I 

2 -- ,, ‘u’ 
j : /)., : : 3, ,c-l.. --< ’ !+:I i (tc& 

of those in which its number and location was known. T-had been 

determined w in some of the plants of culture 6629 (tables 5 and 

8). Therefore, e tests of the progeny of seme-of- the plants &n 
LA, c%g ~"Ja.c :I& @&j pfYt.pw _ 

-a- e was conducted during the summer of 19541 Those conducted 
I 

with the progeny of four of the Y Spm / y + plants in culture 6629 were 

discussed in the preceeding section. ' ,&t was shown -&here that in the 

ma jority of,.\Spm carru4Bg &ogeny,&a&=s, onbly 1 Spm was present,and 
t I $  I 

~ .r.; \)J fi); ‘1 i. : 1  

that in the Y / y-p&r&s, it was carried in?hromosome 6 with Y and at 
. -,, 4 

the same location, or certainly close to this, as in the parent plants. 
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In a few plants, however, Spm was not linked with the Y marker, and in 

~B~~~~~YvH4d*r4~~,rn~~~~‘lU~~~~ 
several of them, two Spm elements were pregent instead of one,4 Some of 

d‘pfuA 
the cases > @&L44 wfo4Qul*~ QY%@i.wlucep 

were U . 
bd(JLw~~ 

""l% =--- I .C 
'Mrrac of the examined plants,-113 V 

*were derived from kernels on the testcross ears of 
GA t-u&w 66&R, CL 

pl+n~~entered in table 5. In addition, an ear of t&9 tiller of one 

of them, plant 6629A-4 that was Y Spm/y + in constitution, had been 

self-pollinated. Plants derived from selected kernels on this war were 
dl,bzp+timd*id kdf 

examined for the Spm constitution in each. In'- Y and Spm,w 
hl-dwnw ati clah~ u wm$W 

p&a&+ the following constitutionsi@ould.be expected to appear: 

(1) Y S&Y Spm, (2) Y Spm/y Spm, (3) Y Spm/ Y +, (4) Y Spm/y +, and 

(5) Y +/ y Spm. Among the 18 examined progeny plants h2tving both 

Y and Spm, 3 had constitution (l), 1 hnd constitution (2), 3 had 

constitution ('3), 7 had constitution (4), and 1 had constitution (5)o 

In the remaining 3 plants, other constitutions were found. All were 

Y/Y l One plant had two Spm elements, neither of which was linked with 

an allele of Y. Another had two Spm elements, one of which was linked 

with Y. The third plant had one Spm but it was not linked with either 

Y or ye 

If no changes in location or in action of Spm occur in plants having 

two Spm elene$ts at allelic positions in an homologouspair of chromosomes, 
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then all gametes each plant produces should carry Spm. On the testcross 

ears of these plants, all kernels would exhibit variegation. However, 

r 
changes do occur and the extent of this may be judged by the proport\on 

of pale colored kernels that are randomly distributed over the ears they 

produce. In the Spm/Spm plants, mentioned above, between 10 and 15 

percent of the kernels on the testcross ears they produced were uniformly 

pale colored instead of being variegated. These kernels represent caseu 

in which Spm had been altered, either in location or in action,in cells 

of the parent plant, T#J&p.& (IRQ 1-w& & 

Examination of the progeny of individual plants of culture 6629 

; &LJ-@A ) tJti&l ,:;tR ;&fiq. 
confirmed the Spm constitutions that had been presumed N kernel 

4 

types appearing on the testcross ears each produced. However, more !GZk 

Jr+.%*& u'$3 @ ty& . m from tests conducted with their progeny,and this is 

summarized in table 30. Spm apparently occupied the same position in 

chromosome 6 in each of the 4 Y Spm/y + plants ( A-l, A-4, A-6, and A-7) 

whose srogeny were examined. At this location Spm undergoes m change 
/\ 

both in location and in type of action,- sf thic m 

in t& last: wn nf +hi.q PP ~~~~~~, 
. '"fi p@J'!.~Q 

the frequency of m 

wtifiuw qpQm4 UJfh SF=- 
of this is much less than that which OL occuppies other 

4 

loctiions in the chromosome complement, a& gvidence of this will be 

!&uic.v, 
il.d shortly. 
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The types of testcross conducted with plants grown in the summer 

of 1954, whose origins are given in table 18, were described in the 

previous section. "ome of them were made to investigatk the behavior 

of different states of a m-l 
1 whereas others were made to determine Spm 

constitutions in the progeny of plants whose apm constitution had been 

detrmined. uuring the summer of 1955, many testcrosses were conductdd 

door the purpose of intestigating transposition of dpm. This ret-tuired 

determining the presence or absence of Spm in each kernel on an ear 

produced by a plant whose Spm constitution x& was &Exxxm&xto be determined. 

For this purpose, it was necessary to use states of a m-l 
1 that give 

very ~IE#I clerly defined patterns of mutant spots in the presence of Spm. 

Therefore, the tester stocks that were used in the summer of 1955 were 

homozygous for either state 5718 or for state 5719A-l., W ith each, 

small spots of the Al type pigment appear in a colorless background when 

spm is present. In the absence of 3;pm, state 5718 gives only very 

faintly pigmented kernels. For tests requiring distinctions between 

bsv+ 
the Pr and pr phenotypes in the pale class of kernels,tester stocks 

carrying state 5719A-1 usually were used. This was done because 

in the absence of Spm, the intensity of pigment in MEE~~%!&x.EH 

is deep enough to allow distinctions to be made between the Pr and pr 
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phenotypes. With state 5718, such distinctions are difficult because of 

the faintness of pigment in them. 

The state of al m-l in the plants tested was either 5719A-1 or 

5718 unless otherwise stated. The use of these states was important 

because the frequency of occurrence of gemminal mutation is very low for 

each. However, occasionally a sector will appear on an ear of a plant 

hakjng state 57198-l in which all of the kernels within it exhibit 

the same mutant phenotype, indicating that a mutation to or toward Al 

had occurred in a cell during development and that its progeny cells 

were included in a sector on the ear. Such sectors on ears appear 

only very rarely, In the tables given in this part of the report, 

kernels having germinal mutations were not included. This was done 

to allow the data to be presented in a simple form whereby the ratio of 

the pale class of kernels (no Spm) to the variegated class (Spm present) 

may be read rapidly. To be meaningful, inclusion of germinal mutations 

in these tables would also require reference to the state of al m-1 that 

was present in each plant, to whether or not it was homozygous for this 

state or heterozygous with a 
1) 

or whether state 57198-b was present in 
few kernels with a 

one chromosome 3 and state 5718 in the homologue. Since/germinal 
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mutation appeared on the testcross ears, it was considered needless to 

complication the presentation, both in the text and in the tables,by 

detailed reference to the constitution of each plant with regard to the 

state of a m-l 
1 it carried. 

In the discussion that follows, the term lltestcrossl' will be used 

frequently. Unless otherwise state, it will refer to a cross made with 

a plant whose Spm constitution is to be determined by one that is 

homozygous for state 5718 or state 5719A-1 of aim-', for Sh2, and for 

w, 55 and wx, and in which no &pm is present. 

The number of progeny tests that were made for the purpose of 

examining Spm constitution indt&m-is large. In describing each of these 

tests it will be necessary to refer to culture numbers under which &he 

different progenies were grown, and to plant numbers within a culture. 

To lessen confusion that could arise from use of such numbers in the text, 

a chart was prepared, figure 2, that gives the culture number of the plant 

whose progeny was tested, the constitution of tlslis plant, and the culture 

number of its progeny along with the table number that illustrates the 

Spm constitution in the plants of its progeny. Culture numbers of plant 

grown in the summer of 1954 are entered in table 18, They run from 

6638 to 670@. The culture numbers for the summer of 1955 run from 
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6861 to 6900. Those for the summer of 1956, given in this section, 

are few, being 7260, 7261, and 7285. Those for the summer of 1957 

given in this section likewise are few. They run from 7330 to 7334. 

Another point should be made clear at this time. In casidering 

Spm number in a plant, it must be stated that it is not possible to 

distinguish the presence of two or more 3pm elements when these are 

located very close to one another in a chromosome. *ncrease in dose 

of Spm does not effect change in mutation pattern given by the states of 

al 
m-l that have been isolated. The same patt rn of this gppears when 

either one or more Spm elements are present. One state of a m-l 
2 allows 

the different doses of Spm to be distinguished from each other but a 

state of this type was not isolated early in the study of al m-l . 

Therefore, in this section, when a plant is stated to have one Spm, this 

does not exclude the possibility that two or more &pm elements were 

present in one of its chromosomes but located so close to each other t8 

that detection of this could not be made. The inheritance pattern 

among the kernels on a testcross ear wo,Ad be that of one $pm at one 

particular Mcation in the chromosome com!~lemento 
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At times, mention will be made of sectors appearing on some ears 

in which no Spm activity is given by any of the kernels within the 

sector. "ometimes the boundaries of the sectors were cle lrly defined 

and it was posl!&ble to ~KXIXJCC~X isolate all kernels within it. W ith 

others, the kernel types on the pear would not allow the exact boundar' 
"g 

s 

to be detErmined. However, experience with the forms of sectors appear- 

ing on ears allows one to project the boundaries of those sectors that are 

not accurately defined by kernel phenotype. When such appeared, the 

+b 
boundarges wase drawn anhear HX;IP bynprojection$,and the kernels within 

cad4 
the sector removed from the ear and MGM+ILI 

A 
separately. Undoubtedly, 

some errors were msde in projecting thedLboundsiries,but the degree of 

in 
this could not have been great. Inclusion/or exclusion of a few kernels 

.I s / 
seriously umw 

:<from the secto$ wuld not/alter the ratio of kernel typesnon the rest of 

the ear. 
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As indicated in table 30, the two Spm elements in plant A-8,and two 

of the four 3_pm elements in p&.$&t A-2>occupied positions in the y bearing 

6 
chromosome/in each, Evidence of this, derived from tests conductd with 

the progeny of plant A-8, will be summarized. 

Progeny Test 2, figure 2 

@he testcross ear of plant 66298-8 had the kernel types entered in 

table 5. The 9 constitution of 19 plants derived from the variegatedJ_Y 

class of kernels on this ear was determined in the manner described in the 

previous section. Eleven of these plants were x SLm/y + in Constitution. 

The other 8 plants had at least 2 Spm elements, each carried in the Y 

bearing chro:,!osome 6. The constitution of these plants will be symbolized 

as X Spm Sam/y + +. Eleven plants derived from the x class of colorless, 

sh2 kernels also were examined. Spm was absent from one of them but 

present in the other 10 plants. In 5 of thea?- 10 plants, one m 

was present and it was carried in the x bearing chromosome 6 in each 

(Y, S2zdx +I. In the other 5 plants, more than one SE was present and 

in all plants, each of them was located in the x bearing chron!osome 6 

(,Y Spm &m/y + +). In addition, th&rteen plants derived from -the x 

class of colorless, u2 kernels were examined. In 9 of them, no Spm was 

present. One "pm was present in 3 of the 4 plants having it (line 7, 

table 31) and two & elements were present in the fourth plant (line 8, 
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table 31). 

The ratio of kernel types on the testcross ears of those plants in 

the progeny of plant 66298-8 that were Y Spm/y+ in constitution is 

given in line 2 of table 31, It may be noted that the percent of recom- 

binants in the variegated class of kernels on these ears resembles that 

obtained from tests of the Y Spm/y + plants in the progeny of plants 

6629A-1, A-4, A-6 and A-7, discussed in the previous section and suxjmarized 

in table 29. Among the plants having more than one Spm in the y bearing 

chromosome, different groupings with regard to position of the Spm elements 

&-&&+e+-@&s could be made based on the ratio of phenotypes appearing on 

w 
the testcross ears produced by each. 

4 They fell into two main groups, as 

shown in lines 3 and 4 of table 310 In addition, there were two plants 

on whose testcross ears the ratio of kernel types did not fit that given 

either in line 3 or 4 of table 31. The kernel types on the ears these 

two plants produced are entered in lines 5 to 7 of this table. 

From the tests conducted with the progeny of plant 66298-8, it would 

appear that this plant had one Spm element which occupied the same 

position in chromosome 6 as in the four Y Spm/y + plants in culture 6629, 

and that althowugh transposition of it away from this location occurs, 

the frequency me of this is not high. The second Spm element 
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in this plant, also located in the Y beorang chromosome, appeared to undergo 

more frequent transposition. This e#3zzt resulted in placement of it 

usually at new locations within the Y bearing chromosome 6 and less 

frequently at locations that do not show linkage with Y. 

Progeny Test 3, figure 2 

Plant 662911-2 obviously had more than 2 Spm elements, as the 

ratio of kernel types on its testcross ear, given in table 5, indicate, 

&Q it&= & - 
Kernels were selected both from the/main; ear' and from the ,,&ller ea? of 

this plant and sown in the summer of 1954. Only those p&ants derived from 

the colorless, sh2 classes were examined in detail for the Spm constitution 

in each. Tests conducted with them established the fact that the parent 

plant had a high number of Apm elements in it, The ten plants derived from 

the colorless, sh2, Y class of kernels on the tiller ear of this plant 

had the Spm constitutions given in table 32, It was not spssible to 

establish the exact number of "pm elements in plants that obviously had at 

least 3 of t&em. More than 3 Spm elements could have been present inLgw$ 

them. It was clear, nevertheless, that in several plants, 2 Spm elements 

were present, each of which was carried in the Y bearing chro!llesome 6, 

In addition to the-10 plants, mentioned above, 8 other plants 

derived from the colorless, sh2, y class of kernels on the tiller ear of 

plant 66298-2 were also examined for Spm constitution. Three plants had 
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1 Spm and it was not linked with either pr or wx in any one of them, 

Three other plants had 2 Spm elements. In one of these plants, one of the 

two Spm elements was located in its wx carrying chromosome 9. The kernel 

types on the testcross ear of this plant were as follews: 35 pale colored 

Wx, 8 pale colored wx, 47 variegited Wx, and 80 variegated wx. In each 

of the remaining two plants, at least 3 Spm elements were present. In 

one of them an Spm element appeared to be located in the wx carrying chromo- 

some 9. On its testcross ear the following phenotypes appeared among 

its kernels: 21 pale colored Wx, 2 pale colored wx, 97 variegated Wx, and 

117 variegated wx. 

Progeny Test 4, figure 2 

In order to further investi@e the location of the Spm element in 

the y bearing chromosome 6 in the progeny given in ta'ble 32, twenty kernels 

were selected from the variegated, Y class on the ear produced by plant 

6667F-11, line 2, table 32, which was considered to be Y Sp$ Spm/y ++, 

They were sown the following year under culture number 6884. Ninteen 

of the twenty plants derived from these kernels were variegated, as 

expected, but one was totally pale colored and/zne of the kernels on the 

testcross ear of this plant was evidence given of the presence of Spm. 

Testcross ears were obtained from 17 of the 19 variegated plants. They 
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fell into four groups with regard to Spm constitutions, as shown in 

table 33. Three plants were Y Spm/ y +. On the testcross ears of two 

of them, the ratio of kernel types, line 1, table 33, was quite similar 

to that on testcross ears produced by the Y Spm/y + plants in table 30 

and by the majority of their Y Spm/y + progeny, already discussed. On the 

testcross ear of one plant, however, the ratio of kernel types suggested 

that the dpm in it was carried in the Y bearing chromosome but at a position 

closer to y than in the two Y Spm/y + sister plants (line 2, table 33)0 

Twelve other plants were ' Spm Spm/y + + in constitution (line 3;table 33). 

The two remaining plants had an Spm in the Y bearing chromosome and in 

addition, another bpm element not linked with Y (line 4, table 33>0 

From the ear of the main stalk of plant 66298-2 (see t:ible 5), only 

those plant that were derived from the colorless, sh2, y class of kernels 

were examined for the Spm constitution in each. These were grown under 

culture nu@ber 6668C. Among the nine plants tested in culture 6668C, two 

had no Spm. Three plants had 1 Spm and in one of them, plant 6668C-6, 

this Spm was linked with pr in chromosome 5, as shown in line 1 of table 34, 

On this ear, accurate classification for the alleles of yr and pr was not 

possible for all k.;rnels in the pale (no Spm) class and therefore, both 

pale phenotypes are combined under the heading of rlYalefl. In the four 
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remainipg plants, 2 Spm elements weBe present and they were not linked with 

each other. ln ..oT)e of them, one of the Spm elements was linked with pr 

in chromosome 5. The phenotypes of kernels on the testcross ear were 

as follows: 96 pale colored (both Pr and pr included), 97 varigated, Pr, 

and 145 variegated, pr. In another of the plants h..ving 2 Spm elements, 

plant 6668C-3, one of these elements was linked with wx. The ktrnel 

types on its testcross ear are given in line 1 of table 35. hubsequent 

tests conducte;l with the variegated kernels on this ear will be considered 

shortly. 

Progeny Test 5, figure 2 

In order to investigate further t$te location of Spm in plant 6668C-6 

(line 1, table 34), and the stability of it at this location, ten kernels 

were selected from the vriegated, Pr (recombinant) class of kernels on the 

ear it produced and these were sown in the summer of 1955 under culture 

number 6877. Nine of the 10 plants derived from these kernels were 

variegated. One, however, was totally pale pigmented. As will be shown 

later, an Spm element was present in this plant but it was in its inactive 

state. Testcross ears were obtained from 6 of the 9 variegated plants in 

culture 6877. "n Spm was present in each but in only 3 of them was it 

linked with Pr in chromosome 5. The Spm in the other three plants gave no 
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eviddnce of linkcige with pr. The types of kernels on the testcross ears 

produced by each of these 6 plants are given in table 34. Among the 

3 plants carrying Spm in chromosome 5, the position of it within this 

chromosome does notappear to be the same. Certiingly, its location in 

plant 6877-4 differs from that in either plant 6877-l or plant 6877-20 

It should be emphasized that the kernels selected from the ear of plant 

6668C-6 were in a recombinant class. The recombinant classes arise from 

two distinctly different events. One is typical crossing over between 

homologues. The Spm is transfered from one homologue to the other without 

its undergoing change in location. The second event is premeiotic 

transposition of tiprn which places it at another location in the chromosome 

complement. Subse>uent meiotic segregation may result in its inclusion$ 

in a nucleus having the allele of the marker to which it was formerly 

linkwd,& As a general rule, within the recombinant class, increasingly 

higher proportions of kernels having a transposed Spm element will 1pe 

b$& P the closer is Spm to the genie marker. 

Progeny Test 6, figure 2 

As mentioned above, plant 6668C-3 carried two Spm elements, one of 

which was linked with wx in chromosome 9, as shown in line 1 of table 350 

It was desired to obtain plants in which the only Spm present was carried 

-i n nh 



kernel types on the testcross ears each produced indicated;: i table 35. 

linked 
Three plants had 2/Spm elements but no evidence was given of linkage 

of them with either Pr or Wx. One plant had 2 Spm elements, not linked 

to one another nor to Pr or Wx. O$plant had at least 3 dpm dements. 

There were so few pale colored kernels on the testcross ear of this plant 
4 Q/q&&J ; tzLdt7: .ML.4n~ I 

that -linkage with either Pr or Wx could not be m. 
A 

The testcross ear produced by another plant had oniy a small basal sector 
!\ 

in which variegated kernels appeared. All other kennels on this ear 

were uniformly pale colored,'%he phenotype produced by aim-' when no Spm 

is present. 

A total of 40 ears we:-e obtained from the testcrosses conducted with 
/ 

the variegated plants in culture 6872, just described. Five ears had 

sectors in them in which all kernels were pale colored (no Spm) and they 

appe red only on errs of plants in which 1 Spm was present. The rate 

of apperance of such pale sectors was considerably higher than had been 

$r.v P ,&, t&u.h d-s 
observed on testcross ears produced by plants w>l 

JJI: L'I !A& 
Spm,carried in Me 

&T&&Q 
4 

/" 
,i 

'-, 
~chromosome 6'discussed previouslyi 

2 ___.. - --.- -.- ../ On the ears pl these latter 

tk ctt ) 
plants pale sectors appeared only very infrequently. Obviously,,, the Spm 

element in some of the plants of culture 6872 was undergoing change w 

development and this was evident on the ear produced 

by one of the plants in which it was located in chro:.:osome 9. It was 
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in chromosome 9. Therefore, 30 kernels were selected from the 

vriegsted Wx class on the ear of plant 66686-3 and grown in the summer 

of 1954 under culture number 6872. Twenty-nine of the 30 plants derived 

from ~xk~x~r~x~xAA~~ these kernels were variegated but one was 

uniformly pale pigmented and none of the kernels on the testcross ear it 

produced gave evidence of the presence of sprn in this plant. Testcross 

ears were obtained from 27 of the 29 variegated plants. -ct could be 

concluded that in 19 of these 27 $lants, 1 Spm was present but it was not 

linked with Wx nor with Pr. Three other plants had only 1 3pm and in 

each it was linked with Wx in chromosome 9, as the 



therefore dekided to investigate further the behavior of We Spm %kt&-w~ 
located in chromosome 9.“ 

Progeny Test 7, figure 2 
The kernel types on the testcross ears produced b:r the three nlants 

in culture 6872 in w icb Spm was located in chro -osome 9 are entered in 

table 35. As may be noted, the percent o f the rccombj.nant classes 

WY-f@  
I .: 

bd It age::r& that the Spm ele.gent in plant 6@72A-12 WM undergoing;: change 
J-4 

Ti!uw 
in location early in development. It%r f?Wn, B t was decided to test 

. the ~$.QL~C..&L2 fLt&lY * 
i 

the beh,,vior of WSpm 3&t in/@ -r. ' . W, L,rnels 

were selected from the vari,::gated, Wx class on the enr of the main stalk 

of this qlant and SOWI under culture number 7203‘5 in the summer of 19551 

Thirteen slants were obtained from these kernels. Twelve of them were 

variegated but one was totally pale pigmentedland no evidence of the 

presence of Snm was obtained from test crosses conducted wit3 it. "ince 

the pu.rnoce of t is experiment was to determine Spm nux-iber and locatj.on 

plant were used in the test cross. Pollen from ~jlants;\homo_:igous for 

state 5718 a;'"' and for the recessives, pr, y, and wx, was placed on the 

.O,dJ~~ silks of each e::r of MU&I plant. Altogether, 26 ears were obtained from 

the 12 plants having Spm, The Spm constitution and locztion with. res;-!ect 
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Wx is summarized in table 36, In one plant, no evidence was given of 

linkage of Spm with Wx in any one of the four tested parts of this plant 

(plant A-7, table 36). Spm was lined with W& in some part of the other 

11 plants but not in all tested parts of each‘plant. It was obvious 

that the Spm in these plants was undergoing change in location in 

somatic cells and that the time of occurrence of this was early in 

development. dor those parts of these plants in which one Spm was 

present and carried in the Wx Pearing cin%nomome 9, tne kernel types 

on each ear ,tihich gave evidence of tthis is shown in table 37. From the 

ratio of types on these ears, it could be suspected that the Spm did not 
plants 

occupy the same position in chromosome 9 in all gxsf;~ or even in 

different parts of the same plant. The kernel types appearing on each of 

the 9 other ears obtained from the plants in which Spm was present are 

given in summary form in table 38. 

Progeny Tests 8, 10, 11, and 13, figure 2 

The early occurring transposition of Spm in plants in culture 7285 

was so strikingly expressed that it was decided to continue investigation 

of its behavior in plants of the following generation. For this purpose, 

varieg:ted kernels in the Wx class were selected from the four ears 

indicated by footnotes in table 37, and these were sown under the 
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given culture numbers in the summer of 1957. Thirty seven plants were 

obtained from them. Thirty-six$ of these plants were variegated. One, 

however, was totally pale colored and no evidence of dpm appeared among 

the kernels on the testcross ear it produced. All fertile ears of each 

plant were used for the testcross. The Spm constitution in the tested 

parts of these plants is summarized in t$able 39. Again, in ti;is 

generation, early occurring transposition of Spm was noted. The 

shenotypes of kernels on ears produced by those parts of a plant that had 

I? Spm, carried in the Wx bearing chromosome 9, are entered in table 40, 

and a summ.:ry of all others is given in table 41, 

The behavior of the isolate of Spm that was present in the plants 

just described, was consistent with respect to time of occurrence of 

transposition. Lt was occurring in some cells early in plant development, 

Other isolates of Spm differ in this respect and, as mentioned above, 

early occurring transposition of it in the Y 8pm/y + plants, previously 

described, was infrequent. Among 40 Y Spm/y + plants in which more 

than one part of a plant was tested,for Spm constitutinn, only 1 case of 

change in Spm was noted and this was produced by inactivation of it 

rather than by its transposition. The Spm at the given location in 
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in chromosome 6 does undergo transposition, however, but the time of 

occurrence of this was usually late in plant develppment rather than 

early in development. 

The frequency of occurrence of transposition at any one time appears 

to differ with different isolates of Spm. j'or some of them, this is 

quite infrequent in that only rarely is a case of transposition detected 

either in the plant or in the gametes it produces. With some other 

isolates, on the other hand, a burst of transpositions occurs in sporogen- 

ous or spore cells. As a consequence, a l.irge fraction of the Spm 

carrying gametes of such plants hive a ndwly transijosed Spm in them. 

But, before examples of this are discussed, another experiment of small 

scope,conducted with the Spm element that was present in plants of 

culture 7285 (tables 36 to 39),will be described. 

Progeny Test 9, figure 2 

The plants in culture 7330 (table 40) were derived from variegated, 

Wx kernels on the second ear of the main stalk of plant 7a85A-1 

(table 37). The spm in this part of the plant was carried in its Wx 

bearing chromosome 9. In the tiller of this plant, one Spm element was 

present .bUt on the testcross ear it produced, no evidence was given of 

linkage of it with Wx. It was desired to examine the Spm constitution 
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in different parts of plants derived from variegated Wx kernels on this 

in %m 
tilBer ear in order to determine if/any of them linkage of Jltx with Wx 

would be found. Eleven plants, all of which were variegated, were 

grown from sucf kernels under culture number 7331. (See line 1, table 

42 for the kernel types on the $ar from which these kernels were selected.) 

Testcrosses were made with all fertile ears of each of these 11 plants. 

Only one ear was obtained from 5 plants and one Spm, not linked with Wx, 

was present in the part of each plant that produced an e.-tr. Another 

plant produced 4 fertile ears. One Spm was present in the four tested 

parts of this plant and in no part was it linked with Wx. The kernel 

types on the ears these 6 plants produced are entered in line 2 of table 

42. Some part of each of the five other plants in culture 7331 had more 

than one Spm element in it, as shown in lines 3 to 8 of table 42. One of 

the tillers of plant 7331B-5, however, h:zd only one Spm in it. 



j ,. 2( 'Zxcept for the ezr of one tiller of plrnt 5, the rctics0.f ke:-nel t:,.Tes on 
'. : 

ears produced b:; diff'e- ent m rts of each plant in culture 7331 tha2; ht~d. 

more than one Snrn clement in it were very much alike. Dj.f:~e~.;cnce s in 

this rescect$ we:-,e ex-pre ssed bet.;een nlan-ts, ho: ever. The number of 

plants tested an5 the nzlber o:? tests ccilducted with e:.ch ;,lant are too 

few to draw definite conclusi ns regarding the beh,vior of this SFrn 

follo~~ring its transnosition in a somatic cell of -slant 7285A-1 from a 

position in chro-::cso:;:e 9, giving link:.;-e with ::.ix, to a new location in the 

chrome some corlple--Tent. It is evident, nevertheless, that subscauent 
c 

- ;: m;-'T:. _- 

. 

that showed 1inkaF:e with l;ix. 
-pgy; ;&J..), Y&a y i 4 

c" _"W ,...-.. +.&*~ b&# .T.-~Le.. I- .Iq-r* one . . That trans:Tosition of Snm from $ location m -h&~ 

fiz2si! 2zAixhB to a new location * result in marked change in tine and frequency 
&)&qpix AA 

of occu:;rcnce of trans osition i-,ras strikingl:F ex?:,r::ssed in one cnse. 
* '. 4 

In part II of t::is renort, tests co ductod wit? the propeny of the Y Spm / 

by slant 66&C-7 in the progeny of l:lant 6629A-l W#B quite aberrant, and 



in this pro>rzny (set paH%G$G%%f :.,able 26). I-t was decided, 
a;>e 

therefore, to exa?:iine some of 
of lant 6666C-7 whose kernel tyi-:esV‘ 

the pr0,gen.y on% th&e r/entr:rsd in 

m of' tni:,le 26. Two variegated !,;:;:nels in the x class on t;:)is ear 

and 3 variegated k.:;nels in the y classwere gro+m,,under culture numbers 

689_5A and 6895B in the summer of l955. Tests or" the Spm coI:stifxtion of 

each of' t?le five plants derived from them gaye suprising re sul t s . One 

Spm m.s present in vlant 6895A-1 and it ~8s c1o:;el-y linked to Y. On the 

test cross ez of this plant there were 167 pale colored kernels of tr::ich 

10 were Y and 157 wez'e y>and 162 variegated ka nels of' rL?ich 15'3 vere 37 and 

9 wc: :-ae y . In additi.on, the:>e was a smzll sector in w?lich only pale cola:-.ed 

kernels :IV!: x:ed; 21 kernels in this sector were Y and 26 were y. 

Plant 6899-2 had 2 Spm elements, one of which was carried in its 

-ho gf&,@ .L.% b. i&pJj j&j 
Y bearing ch.ronoso:~e 6, In addition to one l;c:.nel. m a mu-Lx!nt of m-1 a fi A IL J 

there we:'.e 91 pale coloiTed kernels of which 39 were Y and 107 we:?e y4 
$y4 ;! -z':, '-, ,"@*.i:pl;.F jc+t:,: UJ LA,!J&& \ f 0 MLlk L y Gw.& 1 o-1 I.&a% r( : &-. _ 

No Irin~~ni:c of -q-t *,t Tj 
< 

it;-:/rF:r or w.SS ?Yx was ;::.von. , 
JiAMuwy +-a~& 

v 

Plant 6875%1 a~~~;&.d one Spm,and it was not linked to eit'ner 
J A&isA ir,&\al\ 3 

pr or IJx. On its testcross ear there w>s one kernel with a mutant 0"' a m-l 
1 \ 

AmonE the other k;.:rnels, 119 were pale colored and 133 were variegated. 



Plant 6895'~-2 had one Spm ele::lent an& it was linked wit11 Pr in 

chl~o~:lo soYle 5. Among the kernels on the testcross ee::; it produced the 

following phonot;:oes apconred: 74 pale colored, Pry: 154. pale colo.,ed, pr : 

131 variegated, Pr : 71 variegated pr. 

Plant 6895B-3 had one S;nm element and it was linked with Jx. Among 

the kernels on the test cross ear it produced the following pile-not-:T-es 

Sppe.,i-ccl: 91 pale colored, Vx : 184 i-iaLle colored, wx : 117 variegated, 

progeny of plant 4666C-71, %p"E" 
the diffe-enczin .W cons:;itution and Location 

fIbhvJq&~ ^neyn&&& 
wivzhM4bw was m . B0tl.Y testcross ears nroduced by the _. 

narent plant we:'e partially st rile in that some ovules did not :>roduce 

kernels and oth::rs produced k:,rnels that were a?,ortive in their development. 

Also, on both ears, the percentage of key-nels having Spm was low. On 

none of the ears of the 5 progeny 

noticable reductj.on in proportion 
&J &c+C"k 

by plant 6894;3-3 and t;lis did not 
4 

Tjlants was sterility expressed,& a 

of kernels having Spm was exhibited only 

ap?Troach that gi.ven by the e:\rs of the 

pa:_:ent :~lant. Obviously, there must have j;een eith,-.r a burst of 

F(bw3 
tr,nsnositi ns of Spm in th&? plantlmo::t of vhich occurred IaLe in 

4 

development, (r a succession of such transpositions >lendir:g to the. formation 
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of gametes in which Spm occu:::ied various diffe:-ent locc-Lion i_n the 
q '$h f-yk. r&JJ$ y ?,I.' L.4~3 

chrozosome co;11 ,Lement, 
p($?ty t-hi :J-&.~.a$ 

“'- -~~f$,-&, ,.- 
tests we;e conduc%ed wit- plants derived from the vrriegatod 

r *( . . ,j., ,, i t L ' 

keynels on the emrs produced by plant$ 6899-1, in which S?m was closely 

ci%J IL6 
linked with y, and by slant 689sB-3 in whi.ch Spm was linked with Mx, 

&l.& fq.h@"~.,p p 1 A 
@ ith rs@r? ho f;he 

+&VI ‘&.a.r, -E-L &.&3&j 
twke+e& behavior of 13T)m, Ws2 ;=rwny +M 

e strikinyl;: diffeaent,rW. b-3-A 
The Spm in plant 6895'A-1 m 

xi c ((7 *eta ‘1 :$4, &&.@ 6, :~I;? C.hRLM '6 ? 
relativeI-;:- stable in location whereas thi?-t in lant 689sB-3 underwent 

f-I J 4 flf 

many subseauent tr nspositic.ns, ~. It may be recalled that the Spm in 
-L!wqw- 'w, \j\ b( { iU3 j -q J 

nlant 6666c-7 
1,11 I '$1 

was derived fro:; that 'in plant 6629A-1 *a &fj - T 
4 ihe Spm in 

all subsejxent 

el.en:ent itself in that some char,ge may 
,Cl I‘ 9. &‘[ ‘,.“Wf.& UC C’ qT 

occur to it sg the trcnspesiticn 
0 'A & @?hh d&@A,td, - ' 

pI-ocess, Iw th$Scontrol may r::flect the pcrtFcular or,FLnizatcon 

&A 
of the ,-enetic materials at the site it occupples at any o::e tip&e, 

4 

Evidence for this 1attF.r inteiq-.etation was obtained Yrom stud' 
T 

of the 

IA3 - AC s::stem. Two indepel-ldentl:! occurring cases of insertion of Ds ju::t 

to the left of $hl in chrrj-lcsc~~ ..e 9 resulted in fixation of Ds at this 



location. Altho:-gh many thousands of kernels were examLned in any one of 

which an b3tered location of i>s c0u.l.d have been detected, not one case of 

this was found. If there had been only one discovered case of insertion 

of Ds at this location, just t:: the le.ft of Shl, noth&ng could be-:cc,ncluded 

about the factors thc?t are responsible for its stability of locaticn. 

There were, hot-jever, two such cases following which Ds beh ved in exactly 

the same manner, and th: s suggests th,at the site in the c’hrc -:GsG;-?e where 

a coz.:rollin,r; element resides is an important factor in the control of 

an 
subsequent transpositicns of such/elerrl&i..., be it Ds, AC, Spm, or any 

other of this species. 

‘We may now return to give the evidence 0-f the differ nce in behavior 

w& 
& Q Gl G-e 

of dpm in plant 6899-l when compa:cd t;e tl1a.t in plant, 6845~~3. As stcted 
fl .- 

above, in plant 689-;A-1, the Spm element was located clo::e to Y in 

chrn-zosozze 9 as the kernel +nesbn its tostc:-oss ea?.- indic-ted( ! q_?~~t I, 

table 43). Seventeen plants were grown from the variegated Y class of 

kernels on ti;is ear in the summer of I-956 under cul?; re number 7260. 

All of the lants t~~:re vFLriegs.ted. ghe si llrs o f each fertile ezLr of every 

a plant in homozygous for 
plrnt rzceived pollen from/the tester stock which was/al m-“( state 57lS), 

YY PrY and FIX and in which no Spm was --,re sent. “he kernel t::.: es on the 

ezrs thes plants 
? 

:,roduced s.;.<e ,given in Parts II and III of ta,,;~~le 4.3. 



. Y-J percent of the kernels on these ears were in the "recombinant" clat,ses. 

&I Oti 
The ratio of kernel t; TT:\es on %s ecrs o.? three slants differed from tllis 

4 h 
LJwkJw in some manner, and the!% a++~ @AWHT in pnrt III of table 43. In plant 

. a- on the e~.r of the main stalk wxhe ratio of the pale colo:;ec 

tb+ h?i - 
to the variegated 

A than on the ears qroduced by 
g,c; LI,~&] &l ;I 1'.&& .lpYYmT /d.&;f Iq 'Ii!&* 

the sister plants, entered in part II, suggest?&+W that the Spm in it 

u/g &P. i&Q&- t' cl&Up-4 . I- more transnositions than in ?he sist, r 
r * 4 

plants. On the ear produced by the ti.llLr of this ;-;1ant, no evidence xas 

given of linkage of the one Spm in it with Y, On the ear obtained from 

plant 7260-16, a small sector was present in r-fill c'n all of the kez>nels were 

~~QJ.,d& 
pale colored. On the EW& of thPs cay, however, the ratio of kernel 

ty:es was the same as that on ears of the sister plan-Ls in n?rt II of table 

43. The er,? produced by plant 7260-17 was partially sterile an?! from 

the ratio of kernel t::pes on this wr, it tzns clear that some r,bnoymality in 

the %m carrying I chrcmosome w:-s responsible for th!s sterility. The 

nature of t!iis abnormality is not known, 



If' no trensnosion of Spm occurs during dcvolop.tizent 02 the sporo,~mous 

or spore cells in plant 
g&$ 

f having one Spm, then half of the gametes it 

produces would one 
4 

Spm and half woul.d have no Spm, As 8 conse:yuence, 

half of the kernies on the testcross e:ar 9t produces would be variegated 

and half wo;zld be pale colored. Eowever, such transnostions do occlLL&d 

and ofton this results in the an‘oe:!rance of two Spm elements in one -- 

nucleus of a sporognous or gpmetophytic cell and no Spm in its sister 

nucleus. Because of this, the proportion of cells with no Spm in the 

sporogenous or gametophytic ~~2.11s will depend upon the freauency of 

& .- 
occurL.c;nce ofA tr~:nsgositions,t.hat hcd . 3cm ??7?%**- . 

* ‘%us , the proportion of kernels on testcross ears t;xit are pale colored 

will incr::ase as rd the rate oi' t&&s transposit?on increases,,- \any $@ogeny h 
m cl /:&‘$q+.&7) I.&j \a &qJ&& dE;Ltk: 
l&S s interpretation & devdation 

from %e one pale-colored to one varieg ted kernel --testcross ears of 

@LG initia;lv 
4 

plants/hava one Spm in the2-r naclei. Therefore, whenever the ratio of 

J&.&d Qd 
ocle colored kernel,: to varic ,gated kernels deviates from the 1 : 1 in 

4 
favor of the pa!.e class on a testcross err or;' a ;:lant ha,ing one Snm 

-$-e fcuJ+d-4 WJJ -& 9 d :Py!&.~~ 
U&e cause for tiCLs is--~* transnosition of S22rn in a n&oer 0;: cells 

tts 
! 

w @-ia 
4 

l:l-te in develo?xcnt of s:ooroF;znous or gametonhytic tlissues. 

J&c) 
4 PO:? tj?is 

A .A 
0 . 

conclT2sion to q&q, the pale colored kernels on such ears mu::.L be 



scattc>red over the e:'r an not be clustered. It is obvious thr,t the 
1. 

latter ariscc From an ezr1;; wew&-ng 

5- 
eitlher trans-,T ,ositir:n of Spm or #yq 

is nossible to bs:t::;een the tm types of 

change in Spm that are resnonsible for 
) 

the unequal ratio of the two 

clam@ 
$fwl Lk'Q p-oQ+-Gm 

L2ties oi' kernels on an ear, VVthis is @  will be indicated in the 

of this renort 
section/de:lling with inactivation of Spm. 

The tes-;s conducted l,r-i.th the nror:cny of ;cY.ant 6895A-L, described 

above, indicated that the Sym in it and in the ma j07it:;r or? i-ts nro:7eny _' . 

did not ch<znce its lot:?!tion during e. rl:r develoy!?ent xlth any marked 

degree of 2-c:-: 
Also, 

ucncybs the ratios of pale to variegated ke::nels on the 

testcro,5,3 e~~?=s ent,red in p' rt II of *able 43 indicate, not many 

t rc&n ST? 0 s i t j. 01: 7. of it lqere occurring late in develogment of the sp0ropenou.s 2 

cells. ~IOIJCVC~, t3e Spm in tne sister :Iant, 689si3-3, underwent many 

transpositions and the evidence of th f. s will noti 'oe given. 

'&..e. Spm in ?Tla.nt 6$95;i3-3 was located in its Wx bearin,; chlao-osorle 9 J, 

8s the kernel t: 7)es on its testcrloss er:r izdicnted (see Tine 1, tcble &). 
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on this ear (275 pale : 192 variegated) deviated greatly in favor of the 

pale class. Th-t some of this was due to transposition of Spm was 

suggested by the Spm constitution in plants derived from the variegated, 

Wx class of kernels on this ear. The seventeen examined progeny plants 

were grown under culture number 7261 in the summer of 1956. Sixteen of 

them were variegated and one was totally pale pigmented. On the testcross 

ear produced by this latter p@nt, none of the kernels gave evidence of 

the presence of Spm. Twenty-nine testcross ears were obtained from the 

16 variegated plant in this culture, In only 5 of them was dpm linked with 

Wx and then not in all parts of each plant, Many changes,both in location 

of Spm and in its action]must h,:.ve been occurring in these plants as the 

kernel types on the ears they produced indicate, table 44. Also, chromo- 
kA&qmqWJ 

somal abnormalities may have been produced when this occurre as the 4 Y J 

deficiency in the Wx class of kernels on the tiller ear of plant 7261-5 

suggests. Also, on some ears UUUQJXH~~~EEXX~ the pale class of kernels 

greatly outnumbered Ic$x&f&kz~x the variegated class. In one plant, 

.bearing 
7261-10, an Spm element appeared to be present in the wx/chromosome as well 

as in the homologue with Wx but at a diffe.r*ent location in the chromosome. 

In plant 7861-12, the Spm in it was fully active in the tiller but in the 

main stalk, it was inactive in a number of kernels w 
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onhthe HHIEX&!X the first and the second ear. Among the kernels on the 

three ears 7261-6 in which Spm was present, a few appeared in which 

the Spm in them was only weakly active (see section dealing with the Spm-w 

w 
state of Spm)., The majority of these kernels were in the wx class. 

It is.obvious that i omp:,trison with the behlvior of Spm in the 

a-&t 
progeny tests so far outlined, t&G+xn in plant 6895B-3 was behaving in 

an unusually aberrant manner, not only because of the frequent transposition 

of &;1 that were occurring, but also because of changes in its action that -tia 

QhB W%f 
took placelandlthe possible effect it had in plant 7861-6 in introducing 

;\ 

a modified type of Spm action in the non-Spm carrying homologue with wxo 

Unfortunately, further progeny tests were not con&n&ed with any one of 

these plants. Thus, no more was learned of the subse(,uent behavior of 

this Spm that originally was present in plant 6629A-2 but hxd been greatly 

altered in its mode of behavior in the second generation plant, 6895B-3 J 

44 Q&j9 iJi$3\ pii3.d. 
and&n some of i$e progeny, in turnJ 

-7 



At this point in the discussion of trans--!ositic;n of Spm we will pause 

to review the evidence of this that h:ls been given so far, For t-ii3 

purpose, we will confine t?;e discussion to those that occur in plants 

having only 1 Spm element in them. In the f'i-st plr;ce, the ap?3oarance of 

In 
these plants may be considered, /Those isolates of Spm that undergo 

early occurring? tansposition during development, the effect of this is 

made visible in the apn' ,~ors.nce of the plant itself for they have large 

nw 
sectors in them that exhibit the pale pigmented pilenot?-e that ..::>ise when 

If' 3uc';l a sector extends into that part ot a nlant 

that produces an ear, the prsence of it may be evident anoQqet2h.e kernels 

on the ear following the teat cross conducted with it. IT the arells 

that give rise to the ear are derived only from those within the vale 

sector,-)Sh&h all of' the kernels on the testcross ear will be pale ni,pmented. 

If, ho?rever, only Some of the cells witin the pale ,c ector cc!ni;;:iSute to 

the ear, then a clckerly defined sector will a: me. r on the te;:tcross ear 

in w:ich all 0-f the kelnels will be pale pipmcnted. &gain, if a pale 

sector extends into the tassel , pollen grains collected from anthers 

within the sector do not contain Snm in them,azMb.tien used to make a 

m-l \ 

t Tt~cross, a1 ali oi' the/k;:--nels on the resulting ear are pale nigented, 

If Dollen W collected f-cm the ~. 
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the variegated parts of the same tassel is used in making a cross, then 

both ti pale colored and 331,~ varirgated kernels appear on the testcross 

ear. Tests of this type were conductd and theyeve the types of 

resu&t just described. Thus, the appe::rance)of uniformly pale pigmented 

sectors in variegated plants, the number of them that appear in any 

one plant,and the%+ relative sizes of them,reveal the time of occurrence 1: 

of transposition of Spmhduring development as well as the frequency 

me of this at any one time. However, inactivations of 
w/)iwfkiL& +q&Lu.d 

Spm may produce similar patterns of pale pigmented sectors,& 
4 

i - m but often it is possible to recognize the pale 

pigmented sectors that arise from inactivation, 8s will be indicated 

later. 

Early occurring transposition may also be detected by the 

difference in number of S&I elements, or in the location of an Spm 

element,in different parts of the same plant, 'vetailed evidence of 

this was given in the discussion of the behavior of Spm in plant 68724-1s 

and its progeny,th:it w&O? examined in several successive generations 

(see pagesAand tables 36 to 42). A high frequency of late occurring 

transpositions of Spm may be detected by several mens: 
q)p+ it”bh~~$& w 

the *I - 
*the plant, the ratio of pale to variegated kernels on its testcross 

ears, and the number and distribution of Spm in its progeny $ahts, 

The/plant exhibits a pattern of variegation composed only of small 

streaks pii;"t(e(l' &o in a non-pigmented background with states 5719A-1 
A 

and 5718 of al m-l that were extensively used in studies of transposition 
fJIhL4+ 

of Spm. These are produced either by mutation to or tow.rds Al type A 
w action)or by loss of Spm from some cells late in development'. h No large 

pale pigmented sectors usually appear in them. Also, the number and 

location of Spm is constant in various parts of a single plant. However, 

on testcross ears of these plants, the ratio of pale to variegated 

kernels deviates markedly in favor of the pale class, In the progeny 



derived from the variegated class of kernels, many plant may have 
A 

either two or more Spm elements in them or one Spm at a new location 

in the chromosome pomplement in comparison to the location it occuppied 

11~ the parent plant, 

If the Spm in a plant does not undergo frequent transpositinn 

@ i&W 
early in development nor during development of the sporogenous or spore 

/;LLuicQjut Q &a& +&-JiLI*? 'J 
cellsA lhe apperance of the plant is- . W ith states 

57198-1 and 5718 of alme', small pigmented streaks produced by mutation 

to or towards Altype action appear in a non-pigmented background. On 

-1, 
the testcross ears of these plants, 

A 
the ratio of pale to variegated 

kernels approaches 1 : 1, the deviation in favor of th pale 4 class being 

small. Also, in the progeny of these plants, few cases of transposition 

or\ &y&J& ) 
of Spm are detected, TX, the rate of transposition of Spm 

.tpvw& qp4ed+tp 
in a plant plow, when this is judged not only from the appearance of 

-\x&$ \ 
the plant but also from the number of cases of transposition of it w 

h 
lQ-Q%.A~ &j w$TL4 @w-r. 

encountered in progeny plaz&s derived from i&s testcross ear0 

kgkwda&& 
4 

However, 
&& -w 4 

when judged &om wn Sa its pollen grains 1 
-2 

the rate of transposition 

may be much greater, 
I- 

b-w %a 
& found. The difference 

4v 
in proportion of female gametes that carry a transposhd Spm element 

A 

to male gatiemes having such,may reflect the delay in time of occurrence 
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of transposition of Spm that is characteristic of the particular Spm 

tyW%~~- Liil!ibkM 
-,-the cells in the tassel arism m than those in the 

4 

ear. 
Progeny test 17, fipure 2 

Examples of transposition of Spm, previously discussed, and those 

that will be discussed in the future, should be reviewed keeping in 

mind the covlditions associated with it that have been outlined in the 

preceeding paragraphs. In continuing examination of transposition 

at another si& 
of Spm, the progeny of a plant having Spm/in chromosome 6 will be 

discussed. The presence of Spm at this site was first detected 

the ratio of kernel types on an ear of a plant (6704B-4, see table 18) 

carrying state 5996-4 aim-' and Sh2 in one chromosome 3 and al and Sh 2 

in its homolognojwhen an ear of this plant had been used in a cross 

with the tester plant, 6678, whose constitution is given in table 19, 

The phenotypes of the kernels on the resulting ear indicated that one 

Spm was present in the ear-bearing plant and that it was carried in its 
uay_ / 

M chromosome 6. 4 This is shown in line 1 of table 450 

To investigate further the behavior of this Spm, variegated kernels 

in the Y class were selected from this ear and sown in the summer 

of 1955 under culture number 6885. In culture 688511, 15 plants were 

derived from kernels that had received state 5996-4 aim-' from the female 
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ptiip&& and in 6885B, the pa nts had received al from the female parent J ./ 

and state 5719A-1 from the male parent. All 24 plants were variegated. 

Testcross ears were obtained from 22 of these 24 plants. In 21 of them, 

1 Bpm was present and it was linked with Y in 20 f P these plants, as shown 

in table 450 In one of these 20 plants, plant B-8, there was a marked 

deficiency in the y bearing class of kernels but the reason for this was 

not determined. It was obvious, nevertheless, that the Spm in it was 

carried in the Y bearing chromosome 6,x*% Excepting p&ant B-8, the ratio of 

the pale class to the variegated class of kernels on the testcross ears 

of these plants indicated that the Spm in w did not undergo 
,- i 

frequent transposition late in development. . . ..'In one plant, B-8, the 

single Spm element ii it was not linked with Y. In the remaining planti, 

B-9, table 45, two Spm elements were present and one of them was likked 

with Y. 
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The proportion of the recombirmt classes of kernels on the ear of the 

6704B-4 entered in table 45, 
parent plant/and on that of its Y Spm/y+ progeny/was much the same, and 

9 

this amounted to approximately 18 percent of the total number of kearnels, 

It will be recalled that the same relative stabil;ty oi' locaticu of Spm 

was exhibited by the Spm in plants in culture 6629x that were Y Spm/y + 

(table 5) and by the majority of their Y Spm/y + progeny (table 29). 

However, in these plants, Spm occupied a position in chromosome 6 more 

distantly removed from Y. The reqmobinant classes amounted to approximate? 

35 percent. This same stability of location was expressed by Spm when 

it occuppied a position/$&IiEP8'f8E!8m%06y, and this was shown in plant 

68958-l and its progeny (table 43). In contr:zst to this, in the zo 
T, _^.. 

cases examined in detail where Spm was located in chromosome 9;: S#m -- 

underwent many transpositions and many of these, in turn, occu-:red early 
J 

in plant development. That the chromosome in which Spm 

L_- I..., .,_._ ._ Sp-m behavior was shown by a 
4 

case in the a2 m-l cultures in which it was carried in chromosome 9. 

This case i3iiELl examined more extensively than any other. *his Spm, 

residing at a site close to Wx, 
flId!f&-* 4ui 

remained qu&te stable in loc:xtion, alA%ugh 

z ranspositions of it do*occur 
ti!A u+ 

A 

A late in development of sporogenous or spore 

cells. Since this case has contributed much to an of 
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inactivation of Spm, discussion of it will be postponed until t-is subject 

is considered, At this time, however, another case of insertion of Spm 

in chromosome 9 will be considered as it serves es an excellent illustration 

of the high proportion of transposed Spm,in the Spm carrying recombinant 
9TWk Gw?m~~% cousti 

In the case -to be considered, 

carrying chromosome 9 of a Wx/wx @ant and at a position that was probably 

very close to wx. It was present at this location &n one plant in the 

tested @qs~x@x progeny of plant 6629A-5 (table 5)0 In plant 6629A-5 

two Spm elements were present one of which was located in its Y bearing 

chromosome 6. Tests were conducted with progeny derived from kernels 

on the ear of the main stalk of this plant and on that of its tiller. 

These plants were grown in the summer of 1954 under culture numbers 

6671 and 6672. 

From the earo$"th@nabn stalk, the Spm constitution was determined in 

qw 
20 plants derived from colo39ess, sh2 kernels, 14 from the Y class (culture 

a!$@ 
A 

6671F) and abfrorn the y class (culture 66716). From the tiller ear, 27 

plants derived from colorless, sh2 kernels were examined for Spm cozstituion 

ifs+ ta'b30"" 
/ 

lLCnfrom the Y class (culture 66723) and 13,from the y class (culture 66723), 

Among the total of 28 plants derived from the Y kernels on these two ears, 

dF> 
no evidence of Spm was given by I&e kernelg on the testcross ears produced 

4 



-w scs”* 
by 13 of the3~. Among the 15 plants having Spm, onel\(was present in mmx= 

%ytebud~d 
10 of them,arrd%ore than oneAin each of the other five plants. Spm was 

[k?:F-\, ts-:. 2;3 

linked with Y only in two of thB::e ten plants (table 46f, having one Spm: 
and,%%%wx in?& otherq ($22?i'G)&Qqj pm&q '&U&.dk) UC~#!~@(P~~$~~~ 
In 4 of the remaining 6 plants in which one $pm was present, linkage of ' 

off 
it with either Pr or wx could not be determined as these plants were 

4 

pE/pr, Wx/Wx in constitution. The other two plants were heterozygous for 

alleles of these two markers but no linkage of Spm with either of them 

was expressed. Two Spm elements were present in each of 4 of the 5 

plants with more than one Spm element in them. Linkage of one of the Spm 
f \u r 9 >.=I .^ 1, ': -: ;-: . I : &J.? q bi 

elements with Y was expressed in one of these 4 plants. In the fifth 
-&&lJ&v&~W~pru~\Lljl 4 

Plan>, at least 3 and probably 4 Spm elements were present. 

Of the 19 tested plants derived from the colorless, sh2, y class of 

kernels in cultures 6671 and 6672, the testcross ear produced by two of 

them showed no evidence of the presence of Spm in any one kernel, The 

testcross ear produceld by the remaining 17 plants showed that each 

had Spm, one being present in 16 of these plants and two being present in 

the remaining plant. Linkage of Spm with wx could have been detected 

only in 6 of these plants. Linkage of it with Pr could have been detected 

in 10 of them. However, no clear evidence of linkage of Spm with these 

markers was expressed in any + o &f these plantsA w 

ctpM~- 



L- On three of the thirty-three ears produced by the Spm carrying 

plants in cultures 6671 and 6672 a large sector appeared in which all 

kernels within it were pale colored. This indicated that in each of the 

three plants on whose ears these sectors appeared a change had occurred to 

if$s&i~~~y_:,q,~~~ 2 - 1 
Spm early in development of the plant, a 

3 
,&GA,r pm f4Q.4 66 290 0'5 

rogeny tests were 
tic43 Mt.4 WC& 

conducted only with one of the plants in thes=e two cultures,,that in 

th+' -w 
44 * 

which Spm was carriedAli- wx w chromosome 9, 
' .L 

ant 66711-2, table 47). Six plants were grown 

from the Y and Wx class of variegated kernels on the testcross ear of this 

plant under culture number 6873A and six other plants were grown from 

the y and Wx class of variegated kernels under culture number 6873B. 

W ith respect to Spm and the alleles of Wx, all plants were derived from 

the Spm carrying recombinant class of kernels on this ei3l.r. All 12 
plants were variegated. 

Eighteen test cross ears were obtained from 9 of the 12 plants 

in culture 687~~r~xa~~~~~~x~~~~~~xx One Spm was present 

in all tested parts of 7 of these plants and in nod of them was it linked 

with Wx (table 47). In one plant, 2 Spm elements were present in the 

two tested parts of this plant. Neither of them was linked with Wx 

plant 6873A-3 
(sable 47). In the remaining plant, at ieast 3 Spm elements were 
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b present in each of the tree tested parts of th&s plant (plant 6873B-1, 
4 

table 47). It may be mentioned also that in none of the four tested 

plants that were Y/y in consitution was evidence given of linkage of 

the Spm in them with Y. 

In the/parent plant of those in culture 6873, Spm was closely 
Spm carrying 

linked with wx (Plant 6671F-2, table 47). !;Qf the 169 variegated kernels d! 
a 

on its testcross ear, only 29 were in the Wx class. As the described $ 'C, 
‘c; 
+ 

tests conducted with plants derived from 9 of these 29 kernels indicate,'3 

&p&q &WC-, -=a d&4 d&i *l;tp It(7p@+ 
t-y, i" 

ti none of these 9 kernels as as the conse;uence of crossing over 23 -Sk 
f a... */ ,?'. 8 i ,,.,,;.i LI - ,'. " ' !! ';)J.$J $ 

betweeniSpm,(arnd wx. Transposition of Spm was responsible for their 
$$ 

, i. 9 

appearance in this recombinant class of kernels. It is suspected, 2 

3 
therefore, that Spm in the parent plant, 6671F-2, was located very close 3 

1""&8@$ 
to wx and th.at the majority, if not all, of the recombinant classes Irr\CLI; 

h 
A 

P $ & 
4 as the conse.luence of premeiotic 

4 transposition 8 of Spm. 
s 
22 

Before tests of the Spm constitution in the progeny of plant 6629B-5% 

(table 30) are considered, those conducted with the second generation * 

presented 
progeny of plant 66294-2 will be OO@EZ8JJ%~88. 

A This second generatbion 

progeny was derived from thosaplants in the immediate progeny of plant 
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6629A-2 in which a transposed Spm was present. They represented the 

few cases in which a transposed Spm ele,,ent was found to BEepresent in 
\ w\tqwdG~ 

the progeny of plant 662911-2. .* 1 This plant was Y Spm/y+nas were most of 

its 1 bearing progeny that carried Spm. 
p"""' 

However, the single Spm in 
n 

plants 66656-12 and 6665G-21 was not linked with Y (table 24). '.* plant 

66653-10 (table 26) &xz3 2 Spm elements,neither of w&L& was linked with 

~i,:$ 1 ,J”‘C l: 1, Iy:‘. 

Y in the two t--parts of this plant,. The ear of the main stalk of 

plant 6666C-2 had a ratio of kernel types Bleafi suggeste& that the Spm in 

it was not as closely linked with Y as it was in the tiller of this 

plant (table 26). Tests of Spm number and location were made Q&&h 

d " : ,r^ , .j. > 
the progeny of each of these)plants, and those conducted with & of' 

plant 6666C-2 will be considered fffst, . . ..- 
Progeny test 20, figure 2 

Nine plants were grown from the variegated-y class of kernels on 
pJfiLLtirc~b4p~un~~~ 

the ear produced by the main stalk of plant 6666C-2. All of them 
4 

were variegated. A testcross ear was obtained from each. One Spm 

was present in 8 of these 9 plants. It was linked with Y in 6 of the 

8 plants having one Spm, (table 48), and possibly with Y in another 

(plant 6869-8, table 46), but it was not linked with Y in one Plant 

(plant 6869-2, table 48). In the one remaining plant, 68694, two 

Spm elements were present, 
appeared to be 

neither of which- linked with Y (table 48), 
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The ratio of kernel types onhears produced by the six plants having 1 Spm 
, 

"1; !,J 2.Q~c * & 
linked with Y was not ce~&~&& wrn, suggesk that the 

-6 .'T 
location of Spm in chromosome 6 might not be the same in each of ~th&~' 

w&M!! conducted )-h@$&g 
However, no w test# that would establish this/with,any one of them. 

~~!~r~& !ii% ?- ? , ..*$! f&$2 
1 

__, _1 ,....-_ . Eleven plants were grow? from the variegated>Y class of kernels on 
-- ._ 

the testcross ear produced by plant 66656-16 (table 24)'under culture 1 

number 6866. Testcross ears were obtained from 9 of these 11 plants. 

One Spm was present in the tested parts of 7 of these 9 plants and it 

was not linked with Y in any one of them. The cmmbined ratios of kernel 

types on the 8 testcross ears obtained from them are given in table 49. 
b-Id 

The tested p:rt of one plant (6866-2, table 49) had two Spm elements, 
n 

neither of which w4s lihked with Y. In the remaining plant lh9 

-(plant 6866-5, table 49) 3 Spm elements were present, The@ 

e~j%%+-tests of the progeny of plant 66650-16 e&e&&&& 
ga~~s(;ucn~J ' 
was not carried in chromosome tt-y ; ;” ! \ -3 ‘- \ i a- 

6"close enough to-show linkage with I. / 
-1 

the progeny of '~E/p~&~~~.~ q fr"p% .k. 
Pxq~zcqt Tests oj!/plant 6665G-21 were conducted with 8 plants 

,?from the Y class of colorless, sh2 kernels on the self-pollinated 

of one of its tillers under culture number 6863, and ftxmm with 17 

grown 

ear 

of 

the 20 plants in culture 6867 that were derived from the variggated 
L -a : 

""'* WWa4 Y class of kernels on the- ear'entered in table 24. In culture 6863 
-: 9 

tLhp-T@k~~~~Lb 
tkelrernel 1 one plant that was 

;Jt; Y/Y gave no evidence of the presence of Spm in +_ho 
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Pive other plants in this culture had one Spm element. Pour of them 

were Y/y, but in none of these plants was evidence given of linkage of 

Spm with either of these alleles (table 50). The ratio of kernel types 

on the test cross ear produced by two other plants, bbth of which were 

Y/y, suggested that in each of them an Spm element was carried at the 

same location in each member of an homologous p&r.(plants 6863-T and 

6863-9, table 50). 

Of the 17 plants derived from kernels on the testcross ear of this 

same plant, 6665G-21, 16 had one spm. Clearly, it was not linked with 
rbw 

Y in 15 of th& (table 50) nor with Pr or Wx,which could be determined 

k-MA 
at the same time on4the testcross ear+,-. In one of the% 

16 plants, however, the single Spm in it was carried in the Y 

bearing chromosome 6, as the ratio of kernel‘types on its testcross ear 

suggests (plant 6867-9, table 5O).fi Thus, the tests of the progeny of 

plant 6665G-21 conform with th:?t which could be expected if the Spm 

element in it wa8 not carried in chromosome 6 at a position that would 

f@Jd h &--* 
give evidenceA& linkage with Y. In the one plant in which Spm appe+ard 

to be linked with Y, a successive transposition o&%& could have returned 

it to a location in chromosome 6 thst Mould express lir:.kage with Y, 

Two Spm elements were present in the remaining plant (plant6867-18, 

khle 50) neither of which was linked with Y nor with Pr or Wx, 
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Progeny test 23, figure 2 .--- 
The kernel types on each of the two testcross ears of plant 

of 2 Spm elements 
6665E-16 indicated th& presence/in both tested parts of/this plant. 

Neither &pm was linked with Y (see table 26 for kernel types on 6a$ch 

of these two ears). j'ifteen plants were grown from the ' c,&Jss of 

vareigated kernels on the ear produced by the main stalk of this plant. 

One testcross ear was obtained from each of these 15 plants. In one 

boa* q-3& ~iw~pf 
plant, the kernels on i+h!@ t t es cross ear gave no evidence of the presence 

A 

of Spm,v . In 11 plants, - one Spm was present and it was not 

linked with Y (plants in culture 6864, table 51) nor with Pr or Wx. 
I 

Two plants h;id 2 Spm elements. In one of them, no evidence was given 

of linkage of = Spm with Y (plan$6864-7, table 51). & 
In &her other, 

-I$@ &fig& LJ &;-:,ru4 $gj Lu..qw " 
however,' ? 1ink:ige of one Spm with Y&w&w (plant 6864-3). 

table 51 
In one plant (6864-l&) 2 or m 3 Spm elements were present 

add the ratio of kernel types on this ear suggests th:t one of them 

J 
@Am 

may have been carried in the y bearing chromosome 6. *All 14 
4 

derived 

from the Y, variegated class of k,zrnels on the testcross ear of the 

tiller of plant 66653-10 carried Spm. One Spm was Iparxxjrm& present in 

12 of them and it was not linked with Y (plants in 6865, table 51) nor 

with Pr or Wx. Two plant (6865-l and 6865-12, table 51) had two 

Spm elements, neith:r of which was linked with Y nor with Pr or Wx; 
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Two exceptions1 plants appeared among the 28 in the progeny of 

plant 66653-10 that were examined. In each of them, at least 2 Spm 

elements were present in the tested part of theplant. In one plant, 

one of these appeared to be located in its Y bearing chromosome 6. 

In the other, one Spm appeared to be carried in the y bearing chromosome 6. 

No progeny tests were conducted to establish the location of Spm in 

either plant. Since only one testcross ear was obtained from each 

plant, the constitution of Spm in other parts of these two plants is not 

known. However, an early occurring transposition of Spm may have been 

responsible for insertion of an Spm element into the y bearing chromosome 

6 in plant 6864-12. This chromosome, contributed by the tester stock 
_...__ 

Q+P-@- yx\; &j&~d\(tp, 4th 
did not have Spm in it. L-t i_Q &om theAtest*& .f 

an active 
entered in table 66653-10 did not carry Spm in its Y i 

bearing chromosome 6, 

Progeny test 24, figure 2 

wk& 
The ratio of kernel types on the three testcross ers produced by 

A 

plant 6629B-5 is entered in table 8. This plant was y/y, Pr/pr, Wx/wx 

in constitution. From the ratio of pale to variegated kernels on these 

ears, it could be suspected th:t this plant had two Spm elements, both 

of which resided in one chromosome of the complement. The pollen parent 



161 

thAt h.-ld been used in making the cross with the first ear on the main 

stalk and with the tiller ear had been homozygous for al, sh2, y, Wx, and 

Pr. Thut used in making the cross with the second ear on the main 

stalk had the same constitution except that it was homozygous for pr. 5 \ 

Although this ear had only a few kernels on it, the ratio of,ty::es among ~ 

+Q M \ue4 CarsLjeQ *Ji tJ!.w-~*jur9I~, p . them suggested thatnSpm#'& plant 6629B-5 MM J&&HIM .- 0 kernels P ? I 

were selected from each of the three ears of this plant and sown in the G 

bbB’~b bbks,@ I! 
summer of 1954 under culture numbers,,indicated in table 18. From the 8 

Jk4mdAMq a&&&Q 
second ear on the main stalk, qplants were grown 

o!3.d d ~~~3 
3 were m variegated, Sh2, Pr,U 

n ' 

eZ% 
/'I Because it had been suspected that Spm 

'r 

was carried in chromosorr,e 5 in the parent plant, test 

crosses were conducted with the plants in cultures 6683 to 

:trwfif & 
The kernel types on the<,ears PZ&&GMM%- 

$$I) j-puu.4~~ in $4 bbLci@-j, 

A the presence of two Spm elements in the parent'plant 
'4 

each 
its with pr 

6685. 
l&j &wLLl 

e&&G&&Md 

of which was 

located in/chromosome 5/and at positions that allowed linkage to be 

T&L& m~~8&w, a 44J y&p ul 
expressed with c. By reason of thedconstitutiond 

-d&J Mm"b~ T,d\*-3UUu.%tllau‘lbb19E-5 
& e+ the male plants.used in the cross, 4 

all plants derived from ksxtnels 

on the first ear of the main stalk ($!i?@@ei~683), and from the ear Of the 



162 

tiller (plants in culture 6685) carried Pr in one chromosome 5. For 

the same reason, those derived from the second ear of the main stalk had 

pr in one chromosome 5. As stated above, plant 6629B-5 was Pr/pr. 

Therefore, the plants in culture 6683 and 6685 could be either Pr/Pr or 

Wpr 9 and those in culture 6684 could be either Pr/pr or pr/pr. 

wa 

Seventeen plants w.e~ 
a 

grown from the variegated, Sh2 class of kernels, 

,JJ@,@& cultures 6683 and 6685'. 
that 

Sixtelsn of them were variegated but one/was -. 

Pr/Pr was totally pale pigmented and no evidence of Spm was given by the 

kernels on the testcross ear it produced. Among the 16 plants that 

were variegated, 4 were Pr/Pr and 12 were Pr/pr. One plant (6683~-21, 

derived from a nniformly palecolored kernel, was variegated and it was 

Pr/pr. 
4% 

On the testcross ears& 13 plants among the 35 in cultures 6683 and 
A 

6685 that were derived from colorless, sh2 kernels, no evidence was 

given of the presence of Spm in any kernel. Twelve of these 13 plants 

were Pr/Pr and 1 was Pr/pr. w &n active Spm was present in 20 

of these 35 plants. Four of them were Pr/Pr and 16 were &/pr. 

In the 2 remaining plants, each of which was Pr/pr, Spm was present but 

it was in its inactive state in most of the Spm carrying kernels on the 

P-J@+ testcross ear eP each. 4 

The three plants in culture 6684 that were derived from variegated, 

Sh2 9 Pr k';rnels on the second ear of the main stalk of plant 6629B-5, 

were, as ex!;ected, Pr/pr. Among the 14 examined plants derived from 

the colorless, sh2 kernels on this ear, no evidence of Spm was given by 
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any kernel on the testcross ear produced by 3 of them, evch of which was 

Pr/pr. The other 11 plants had Spm. Two of these plants were Pr/pr and 

9 were pr/pr. 

From the distribution of Spm and +i9 the alleles of Pr to the progeny 

of plant 6629B-5, it is evident that Spm was carried in the chromosome 
the 3pm carrying 

with pr in all three tested parts of this plant. Because/fkE progeny 

of plant 6629B-5 could be distributed to 11 distinct classes w+t.hewd?~$ 
,q rn\~fi Luole\uy+t 

r=e@e& to thenalleles of Pr and to Spm, charts were constructed to 

indicate the c:lass into which each plant, or part of a plant, could be 

placed. For theblants in culture 6683 and 6685, 1 this is given in figure 3, 

and for the plants in culture 6684 this is given in figure 4, In 

tableb 52 is entered the kernel types appearmng on the testcross ears of 

the Pr/Pr plants in the first a+@ classes given in figure 3. In table 53 

is given the kernel types on the test cross ears of the 4 classes of 

plantsv'that were Pr/pr in figure 3. ' Because of the similrities in ratios 

of kernel ty.pes on each of the ears produced by plants in the first 4 

classes given in figure 3, thedata from all ears are entered in summary 

form in tables 52 and 53. The ratio of kernel types on all ears produced 

by plants in class 6 of figure 3 were not alike. xherefore, the phenotypes 

of kernels on ears produced by each plant are entered separately in table 

53. On most of these ears, the percent of recombinants among'the 

variegated class of kernels was similarl 
; &ML4 . .- . 

aw 
%.@eviation from this was expressed by the ratio of kernel types appearing on 

the ear produced by the tiller of plant 6683D-2. In this plant, changes 



164 

in dpm were occurring as evidenced by the appearance of a sector on this A 

ear in which all of the kernels were pale pigmented and by the fact that 

the Spm constitution of the tiller differed from that of the main stalk, 

*%223 was Pr + +/pr Spm Spm . The Spm in the tiller probably had been 

transposed to a location close to pr, as will be shown shortly. Am& 
uI( p! tL+ mew-0 

difference$ras\also) expressed on the ear of plant 6683D-3 but on this ear, 
9 x.__-_- 

. . ts the number of kernels w&=& the pr 

The kernel types appearing on the testcross ears produced b.? the Spm 
cQLm&o&G 

carrying plants in culture 6684 are entered in table 54d~ the 
cinbJ~\J& tq at?&- WJ Qb- 
m in figure 4. A number of testsrosses were conducted 

with one plant,6684D-1, which was Pr Spm/pr +. The percent of recombinants 

among the variegated class of kzrnels on the ear of this plant, and fz&m 

those produced by use of the pollen of its tiller is approximately 34. 

The pollen derived from the main stalk of this plant had many grains in 

which Spm was absent, as the ratio of the pale to the variegated class of 

kernels on testcross ears produced by use of it indicate. Tests of the 

5;. progeny of plant 6684D-1, derived both 'from the selfpollinated ear of the 
(y 

tiller and of the pollen of this tiller indicate that the Spm in its Pr 
chromesome mhfl 

/e resulted from crossing over rather than transposition. The 

percent recombinants appearing on the testcross ears of its Pr Spm/prt 

progeny amounted to approximately 25, as wili be shown shortly, 

From the above described tests of the progeny of plant 6629B-5, 
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its constitution would appear to be Rr + +/pr 3pm Spm. Relatively 

little transposition of the Spm elements in it occurred during development 

of this plant and during development of its lJpm carrying progeny when this 

is compared with that which occurred in some of the plantsreviously 

discussed. On the ear of the tiller of this plant, a few kernels appeared 

th,-l.t exhibited only one to several small dotas of the Al type pigment 

in a colorless background instead of the expected pattern of many such 

Spots usually produced ,by:either state 5719A-1 or state 5718 of a1 m-l 
___ ,.._ ,- 

when Spm is present. A few kernels of this type likewise appeared on 

ears of some of the plants in its progeny that were derived from fully 

variegrlted kernels. Tests conducted with plants derived ffom rJJ. 
Gubl aL&&J ryaMpc& ip&o 

kernels/\showed that the Spm in them was behaving in a different manner. 

Also, one of the Spm elements in plant 6629B-5 entered the inactive 

ph,-se in some cells. For this reason, some plants that were derived 

from the pale class of kernels on the ears of plant 6629B-5 had an 

r‘ I 

Spm element in them. Return to the active phase in some cells of these 
~~~~~~~~,~,~~,~~~~p~~~~acluop'~spwur~~ 

plants occurredJbuTonly very late in development.'f The= two types of 
&,iT rkwkhiN-d, m\D 

change in Spm action will be considered subsequently. T&we- 

&J-wmto~ 
In 

of change in action of Spm 
m here because initial investigations/were conduct&d with plants 

in the progeny of plant 6629B-5. 
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Progeny Test 25, figure 2 

The ratio of k,_rnel types on the ear produced by the tiller of 

plant 6683D-2 suggested that the Spm in itoccuppied a position closer 
I 

to pr than in related plants that were Pr +/pr Spm, table 53. In 

order to verify this, seven kernels were selected from the variegated, Pr 

class on the ear of the tiller and sown under culture number 6878 in 

the summer of 1955. The selected kernels were derived from the 

recombiliant class on the ear. As emphasized earlier, if Spm is located 

close to a gene marker, the Spm-carrying recombinant class is likely 

to be composed mainly of individuals having a newly transposed gpm 

element in them. This proved to be true in this case. In 6 of the 

7 tested individuals in this class, the Spm in them certainly had been 

transposed from a position close.to pr to another location in the chromo- 

some complement, as the kernel types on the testcross ears obtained from 

each indictte, table 550 In one plant, 6878A-1, Spm was carried in its 

chromosome 5 with Pr. The location of Spm with respect to Pr could not 

be estimated from the ratio of kernel types on the testcross ears it 

produced because of the preponderance of the pale class of kernels on 

each. This indicated, nevertheless, that the Spm in this plant had 

undergone change in a number of cells late in plant development,, 
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In the 6 plants having Spm at a new location, no 1inkag;e of it 

with Wx was expressed on the testcross ears produced by any one of these 

plants. ueither was it linked with9 in plantQ 6878A-3 or 6978A-4 in 

which this could have been detected. The Spm in plant 68$8B-3 

underwent early occurring transposition, as indicated by the difference in 

Spm constitution in the mttin stalk and in the tiller of this plant. 

Because at least 6 of the 7 individuals that were derived from the 

recombinant class in the progeny of the tiller of plant 6683D-2 had a 

newly transposed Spm element in it, it is concluded that the Spm in the0 

tiller &&J&&UGG was located very close to pr. 
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Progeny Test 26, figure 2 

A similar type of test to that just described was conducted with 

G plants derived ffom the'varie c 
ecombinanti 
ernels-on-'an ear produced by 

plant 6685F-3. This plant was pr +/pr Spm>as the kernel type= appearing 

on three of its testcross ears indicate, t.ble 53. The location of Spm 
the tiller of 

in this plant did not appear to be as close to pr as it was in/plant 

6683D-2, just described,, It could be anticipated, then, that a larger 

proportion of individuals in the recombinant class would represent cases 

in which crossing over between the site of insertion of spm in chromosome 5 

and the locus of pr was responsible for their appe:irance in this class 

rather than cases of transposition of it to a new location in the 

chromosome complement. This appears to be confirmed from tests conducted 

with variegated plants derived from the recombinant class on the ear of 

a tiller of plant 6685F-3. The kernel types th:.tt appe %red on this ear 

Mm 
are shown in line 1 of table 56. Ten kernels were selected from the 21 

4 

that were m Pr in phenotype, I and sown under culture number 

6882 in the summer of 1955. Spm was present in 9 of the$b 10 plants 

derived from these kernels but no evidence of its presence was given by 
m%- vJ6+-wd 

one plant. x &n 8 of the 9 plants having w _ and it 
4 

%J@=@, 
was linked with yr in four of theqe4as shown in lines 2 to 5 of table 56. 
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In the other four plants, Spm was not linked with Pr (lines 6 to 10, 

table 56) nor with Wx)which also could have been expressed on these ears. 

In one plant, 68828-2, at least 4 Spm elements were present (lines 10 and 

11, table 56). 

The percent of recombinants among the variegated class of kernels is 

given in round numbers in the last column of table 56. Although 

difference in this on the different ears is to be expected because of 

transposition of Spm that certainly occurred in some cells of these 

plants, deviation from that expressed on the ears of the parent plant 

is not great enough in any one case to indicate with certaizty that the 

location of Spm in chromosome 5 in any one of them differs from that in 

the parent plant. Only progeny tests of each would allow this to be 

determined and these were not conducted. However, the Spm element in 

at least 5 of the 9 plants derived from the recombinant class on the parent 

ear had been transposed from a location in chromosome 6 that gives linkage 

with pr to a new location in the chromosome complement. 

Progeny Test 27, figure 2 

Among the examined progeny of the tiller of plant 6629B-5 there were 

3 Pr/Pr plants in which 1 Spm was present (figure 3 and table 52), 

Among them was plant 66856-2. With respect to chromosome 

this plant was a1 m-l (state 5719A-1) Sh2/ al sh2= An ear 

3 constitution, 

of this plant 
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had been used in a cross with a plant that was homozygous for state 

5719A-1 aim-' and for Sh2, pr, y, and wx and in which no Spm was present. 

The kernel types that appeared on this ear are entered in the first 

line of table 57. Variegated . 
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kernels were selected from this ear and sown under culture number 6875 

d&&g-the summer of 1955. The 20 plants derived from them were 

examined for the Spm constitution in each. The pollen used in making 

the testcross with each was obtained from plants th t were hamozygous 

and 
for state 5718 aim-',/for Sh2, m Y, and wx, and in which no Spm was 

present. The test had been devised for reasons other than to determine 

if Spm was located in chromosome 5 and for the desired purpose$, use of 
ha*, 

pollen from the described tester stock was most suitable. arom the<‘4 

tests it was learned- that the Spm in plant 6685G-2 was located 

in chromosome 5. With regard to aim-' constitutions the plants in 

4 ” 

culture 6875 were of two types: $omozygous for state 57198-l a, m-l and 

heterozygous for this state,with4al being carried in 

chromosomes 3. The Pr and pr phenotypes among the pale class of kernels 

on ears of plants that w%e homozygous for state 57198-l a be 

distinguished readily. Bowever, on the ears produced by the heterozygous 

plants, only half of the kernels would have state 5719A-1 alme in them. 

The other half would receive a1 from the female parent and state 5718 

al 
m-l from the male parent. Kernels having state 5718 a1 m-l and no 

Spm are only very faintly pigmented. Distinction between those that are 

purple (Pr) and those that are red (pr) is made only with considerable 
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effort and this was not attempted in classifying the kernel types on 

ears produced by plants in culture 6875 that were al m-l /al in constitution. 

For this reason, all kernels in the pale classes on the testcross ears 

of plants of this constitution are entered in talle 57 under the heading 

"PaleIt, no distinctions being made between those that were Pr and those 

that were pr. 

20 
Spm in its active state was present in 17 of the/tested pints in 

culture 6875. In three plants, however, although Spm was present, it 

was totally inactive in most parts of each plant and in most of the 

kernels having it on the ear each plant produced. One Upm was present 

in all tested parts of 15 of the 17 plants having an active 3pm and it 

c 
was carried in the chromosomeAwith Pr in 14 of them, as the kernel types 

on the ears each produced indicate, table 57. The single Spm in one 

plant was not linked with Pr (=lant B-8, table 57). In two plants, 

2 Spm elements were present, one of which was linked with Pr,$Plant 

and ear on main stalk of plant B-7$. However, the tiller of plant 

6875B-7 had only 1 Spm and it was linked with Pr. 

In this progeny test, no 

‘@dqQ&& 

B-9, 

du 

constitution of "pm-. From the fact that the large proportion of w 

bt&q-ww4 
plants carried Spm in chrmmosome 5 and at a location that gave o&+z 

4 
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clei-tr evidence of linkage of it with Pr, it may be concluded that the 

P&d 
Spm in thi-@ plant did not undergo frequent transposition during develop- 

A 

ment, 

Progeny Test 28, figure 2 

Tests of the three plants in clilture 6684 that were derived from 

the recombinant class of variegated kernels on the second er of the 
of plant 6629B-5 

main stalkjshowed that plant 6684-D-l was Br Spm/pr + in constitution 

(figure 4 and table 543. A number of testcrosses were conducted with 

this plant,including use of its pollen for this purpose. Pollen from its 

tiller had been placed on the silks of plants that were homozygous for 

state 5719A-1 a1 m-l and for pr and in which no dpm was present, and also 

silks of 
OA the/ears of some plants that were homozygous for a1 and for pr and in 

which no dpm was present. Variegated kernels in the Pr class were 

selected from an ear produced by the former type of cross and grown 

under culture number 6880, and selection of kernels of a similar type 

from an ear produced by the latter cross werexg5sm were sown under 

culture number 6881. Among the 11 plants in culture 6880, 10 were 

variegated but one plant was uniformly pale pigmented and no evidence of 

the presence of bprn in it was given by kernels on its testcross ear. 

All 10 plants in culture 6881 were vriegyted. An ear of each plant 
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was used in a cross with a plant homozygous for state 5719A-1 a1 m-l 

and for Sh2, pr, y and wx and in which no "pm was present. B%k The 

in culture 6880 
phenotype in each kernel on the ears of t-=x plants/was readily 

classifgable. However, difficulty was encountered in separating some of 

the kernels that were pr from those that were Pr in the pale class on the 

ears of some of the plants in culture 6881. This was because of a 

previously undetected mutant locus that was eegregating in the al/al 

plantb used in making the cross with plant 6684D-1. Nhen present, this 

mutant alters the pigment produced in the pale class of kernels that are 

homozygous for pr from a light pink to a lavendar shade that is sometimes 

quite intense. This mutant does not alter the phenotypic expression of 

Al' The Al dots in the variegated kernels that are homozygous for pr 

are deep red when this mutant is present. Therefore, in considering the 

phenotypes of kernels on the testcross ears of plant in culture 6881, given 

in table 58, all of those in the pale class are combined under the heading 

"Pale". 77 

Of the 20 plants in cultures 6880 and 6881 that had Spm, one Spm 

element/k. was present in 19 of them and its was carried in the chromosome 5 

having Pr in 17 of these 19 plants, as shown in table 58. In one plant 

3 3pm elements were present (planti6881-5, table 58). In the last 
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column of table 58 is given the percent of kernels among those that were 

m-4 
variegated that were in the recombinant class &W the 17 plants in wh-ch 

4 

Spm was linked with Pr. &d% 
Although$onsiderabl% varieation in this was A 

is 
expressed on different ears, the aver:.ge percent ~se~m~xflsrxla~ greater 

than that expressed in the progeny of plant 6685G-2 (table 571, suggesting 

that the location of Apm in chromosome 5 in plant 6684D-1 was not the 

same as that in plant 6685L2. 

In the progeny derived from use of the pollen of the tiller of plant 

6684-D-l there were 3 plants in which transposition of hprn had occurred0 

In two of them, 1 Spm was present and it was not linked with pr in either 

plant. In the third plant, at least 3 Spm elements were present. The 

appearance of plant with more than 2 Spm elements in them in the progeny 

of plants h'ving only 1 Spm has been met with on a number of occasiona 
J 

and examples of this were noted in the progeny tests entered in tables 

42, 45, 47, 49 and 56. 

Tests of the progeny of plant 6684D-1 was$also conducted with p&ants 
I 

derived from the variegated kr class of kernels v on the 

earig of the tiller,&k&x~~ This ear was produced by self-pollination. 

The phenotypes of the kernels that appeared on this ear are entered in 

the first line of table 59. Of the 16 plants in the progeny derived 



175 

derived from this ear, 15 carried Spm in them but in one plant, no 

evidence was given of the presence in it of Spm. Eleven of the 15 

plants having Spm were Pr/pr. In 9 of these 11 plants, one Spm was 

in 
present and it was carried in the chromosome with Pr/5 of them 

(plants under heading Pr Spm/pr + in table 59). It was present in the 

chromosome with pr in iU other two*\plants (plants under heading Pr+/pr Spm 

table 59), but in the remaining tw plants, no evidence was given of its 

being carried in chromosome 5O The two other plants that were Pr/pr 

(plants 6879-11 and 6879-19) may have had an Spm element in each 

chromosome 5. of the four plants that were Pr/Pr, two had 1 Spm element 

the 
(plants 6879-6 and 6879-12, table 59) and/two others may have had an Spm 

element in each chromosome 5 (plants 6879-l and 6879-14, table 59) although 

the ratio of kernel types appearing on the ear of plant 6879-14 suggests 

that it had two Spm elements that were not at allelic positions in an 

homologous pair of chromosomes. 

The percent of recombinants among the variegated class of kernels 

on ears of plants in which Spm was carried in chromosome 5 is given in 

round numbers in the last column of table 59. The average of this 

is similztr to that given by plant 6684D-1 (table 54) and is higher than 

that expressed by the progeny of this plant entered in table 58. 
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Conclusions regarding transposition of "pm in the a *-' cultures. 1 

The progeny tests described both in this section and in the last 

section provide some information regarding stability of location of Spm. 

It is clear from th$hthat the time of occurrence of transposition of 

Spm during development,and the frequency of this at any one timeJis 

controlled in some manner. Change in this undergone by an Spm element 

appe.red to be associated with transposition, its behavior in the former 

location and in the new location often being deicdedly different. The 

altered control of its behavior may be an expression of some modification 

occurring to Spm during the transposition process, or it may reflect 

participation in this of the particular-locus in the chromosome complement 

at which Spm is inserted. Up to now, no evidence is available floom 

study of Spm favoring one or the other of these interpretations. AS 

mentioned earlier, evidence favoring the second interpretation was obtained 

from study of transposition of Ds. - Evidence of altered beh;tvior of spm, 

following transposition of it, was given by several of the described tests, 

*t was shown tha t following some transpositions, the relative frequency 

of occurrence of subsequent tr.nsposition of Spm, and the time of this 

during development, could be strikingly different from that which it 

expressed at its former location. Cases were cited in which it had been 
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relatively stable when present at one location but became quite unstable 

after it had been inserted at a new location. Cases in which the 

reverse of this occurred, also were cited. 

It was shown that when Spm resided at a particul:tr site in 

chromosome 6 in those plants in culture 6629A and in thier progeny which 

gave approximately 35 percent recombinants with Y (table 29),it remained 

relatively stable in this location, the frequency of appeirance of progeny 

plants in which Spm occuppied a new location being low. *"evertheless, 

transposition of it from this location to a new location was observed 

and several cases of this were subse uently analirzed (Progeny Tests 

was 
20 to 23, figure 2). Among them/one bazaar case involving the Behavior 

of )I)prn in plant 66660-7 and its progeny (Progeny Tests 14 to 16, figure 2), 

In this plant, transposition of Spm occurred at a very high rate, Prom 

the type of sterility that was expressed by each of the two testcross 

ears obtained from this plant, it is suspected that i-sertion of Spm 

at some locations in the chromosome complement may result in oh-nge &n 

gene action at the site of insertian, and this may cause either lethality 

for the cell having it at one such site, or it may cause some modification 

of gene action that alters the capacity of the cell to function normally, 
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In those cases where its insertion at a new location did not produce such 

deleterious effects, viable kernels in which Spm occupied a new location 

were produced. The location and behzvior of Spm in the plants derived 

from each could be analyzed. This was done for five kernels on one of 

the ears of plant 6666C-7. In the plants derived from each of them 

Spm occuppied a different location. One transposition had inserted Spm 

close to Y in chromosome 6 and from this location few subsequent 

transpositions occurred (Progeny Test 15, figure 2). Incontrast, an 

insertion of it into chrormosome 9 resulted in a high frequency of 

subsequent transpositio- and these occurred both during early and late 

development of those plants th t had it at this location in their 

zygote nuclei (Progeny Test 16, figure 2), In contrast to this, another 

case of inserti#Jn of bprn into chromosome 9 was followed by subsequent 

transpositions of it that were confined mainly to the early stages of 

plant development (Progeny Tests 6 to 13, figure 2). 

The mode of examining transposition of Spm did not allow detection 

of those cases that placed it at a new location in the same chromosome in 

which it had been residing>when this new location was close to that which 

it formerly occuppied. Therefore, accurate estimates of rates of 

transposition of Spm could not be made. Estimates of this may be 
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formulated only from those detected cases th!t placed Spm in a new 

location, either in another chromosome of the complement or at a location 

in the same chromosome sufficiently distant from its former location to 

markedly alter the frequency of appearance of recombinants with the 

gene marker in the chromosome thst wasused for detrmining its presence in 

this chromosome, Even though it is realized that transposition of a 

controlling element frequently places it at a new location that is not 

far removed from its former location in the same chromosome,and that in 

this study estimates of the frequency of occurrence of this could not be 

made, it was apparent, nevertheless, that difference :s in rates and times 

of occurrence of transposition of Spm could be expressed to a striking 

degree+when measured only by those cases of it th-it were readily detectible, 

The test methods used in this study allowed detection of the location 

of Spm if it h:id been inserted into chromosomes 3, 5, 6, or 9, and ‘\/r $ 

resided close enought to an allele of the markers Sh2, Pr, Y, or Wx 

to give evidence of linkage of it with any one of them. Cases of its 

insertion at dkfferent locations in chroI.Iosomes 5, 6, and 9 were 

discussed in this section along with the characteristic behavior of Spm 

at each location in one of these chromosomes. It is probably only a 
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coincidence that the examined cases of insertion of Spm at diffe'ent 

locations in chromosome 6 were followed by a considerable degree of 

stability of Spm at e:tch of these locations whereas, in contrast, the 

examined cases of insertion of it in chromosome 9 were followed by high 

rates of subsequent transposition. It was also noted that in 

sequenti&& transpositions of Spm no evidence of preferance of one location 

over another was exhibited. In other words, if Spm were transposed 

from a known location to a new location, subsequent transposition of it 

did not ten.& to return it to the location it formerly occuppied. 

Linkage of Spm with a given gene marker, carried either in 

chromosome 5, 6, or 9, was examined in a number of plants. In some of 

the tables in this section is entered the percent of the recombinant 

classes or the percent of one of them. It is obvious from those given 

in the tables accompanying the descriptions of Yrogeny Tests 5, 6, 24, 

and 26, that such percents do not serve as a measure of crossing over 

between the site of insertion of Spm in the chromosome and the locas of 

the gene marker. *f the rate of late 
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occurring transposition is high, then many individuals within the 

recbmbinant class carry in them a newly transposed Spm element, as 

discussed earlier (page ). Also, the closer is spm to the marker, the 

less reliance may be placed on the given percent of recombination in 

estimating the location of Spm with reference to the marker. Only by 

means of progeny tests can an accurate estimate of this be made, 

In triis study, a number of cases were menti,oned in which plants 

having two or more &pm elements appeared in the progeny of ones in w%h 

only one "pm was p:-esent. An explanation of the probable origin of cells 

having two Spm elements in them from ones in which only one was present, 

and the relation of this to cells having no Spm, was discussed erlier 

\pageOOO). 1-t might be suspect,:d that cells having more than 2 "pm 

elements in them could arise from successive transpositions of Spm in 

the progeny of cells in which two were present. This may be the se.luc?nce 

of events that is responsible for the appearance of some cells having more 

than 2 Spm elements in them but possibly this explanation may not apply 

to all of them, Cases of simillFtr type were examined by Brink with the 

controlling element Mp (= AC) in which he could not rel.ite all of this type 

to sucdessive transpositions of Mp. For study of transposition, AC is VW&W 

* more f.-!vorable than S-pm because change in dose of it leads to recognizable 
4 
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change in phenotypic expression, each dose being correlated with a 

particu1;l.r type of change in expression of the gene whose mutation 

pattern it controls. The dose of Spm is difficult to determine on the 

i-h@- 
basis of pattern produced by aim-'. 

4 A change in this has no)! effect on 

the pattern of mutation but it does have an effect on the frequency of 

appearance of the pale pigmented areas, either in plant or kernel, 

that arise from loss or inactivation of Spm. The higher the dose of Spm, 

the less frequent will cells be formed in which Spm is either absent or 

inactive. 

From the discussions given in this and the previous section, it is 

evident that the number of Spm elements that will appear in individuals 

of %lhe progeny of one having a known number of them will depend upon the 

behavior of the p,-rticular Spm elements that are present in the parent. 

Nevertheless, a summary of the relation bet!yeen the number of 'Ipm elements 

in a palnt and that in its progeny may be of some interest and, therefore, 

table 60 was prepared to illustrate this. In its preparation, the Spm 

number in the part of the plant that produced the first ear on the 

main stalk was used. Included in the table are the progeny tests that 

were conduced during the summers of 1952 to 1955. In this table, no 

consideration is given to the number of plants in which a newly transposed 
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Spm element was known to be present. The table merely 

number of Spm elements that weBe present in the part of 

gives the 

the plant that 

produced the first ear on the main stalk. Tables 61 and 62 illustrate 

the agreement with and the differences in the number of "pm elements 

that were present in different parts of the same :>lant. In these 

tables, also, no consideration is given to known differences in location 

of &pm in different parts of one plant. only bpm number is considered, 

In the studies so far reported, no case was detected of complete 

stability of location of Spm, thatis, in which bpm remained at one location 

* 

cons-.+&red. This--~~~---~~~~-~~~e~~use of its weakened --A. _... ^ ̂._ -..-m"v--.--x..-IIp-- 

IlkL.,. capacity to sqprsss-'gene-. acti-em3,t 23-i. m-l a*ai-,- "- -an&- lx--irsdxee--ion 

to or towards Al or A2, wfll be'considered in ~h~'next--~;M"t..'-of-"tf~~s 

report . 

? 
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PART IV 

Chanpe in Mode of Action of Spm 
\l S~@qNL- LtJuA ku&4!! cj"& \'(Jp #+&g&j ; +$I.,- 3.2 

On some of the ears produced by plants in culture 6629, grown in 

the summer of 1953, a few kernels appeared that had only one or several 

dots of Al type pigment in a non-pigmented background instead of the many 

spots of this pigment type that were exhibited by most of the variegated 
(A&c &A&p- -I 

kernels on the ears of these plants. 
c ad&i& 1%) * 

&ernels of the former type were 

selected from 8 of the ears. Eat-h of the 37 plants derived from them 
L+J+& dJ ~~~~"l.~~~cr~~,~~~$/~~ Lwn-p<&* w 

was pale pigmented6 as if no Spm were present in any one of them. On the 
4 

testcross ears produced by the majority of these plants, only pale 

pigmented kernels appeared. Cn the ears of several of them, however,' 

pheno 
w,p many kernels w showing the same/type as that given by the kernel 

( ,*\A& 1 
from which the plant arose. 

4 
One of them was plant 6683B-2, which was 

"1 m-1 (state 57198-l) Sh2/al sh2, Pr/Pr, y/y, Wx/wx in constitution. 

tktan- 
An ear of this plant had been used in a cross with a plant that was 

4 
d 

r 

WBP homozygous for state 57198-l aim-' cL , .\ for Sh2, ,z irm and wx and it had 

no Spm. This same tester plant had been used in ma#ing many crosses 
r ',T,. ::“c.', $,i,:~,y4,.,~iJli+ .3 

during the summer of 1954 and it was known that the a1 m-l in &t would 
A 

respond to Spm by giving the pattern of pigmentes s&ots srhoxn in photo 0 

yc [;s%. ,* .A 
On the ear produced by plant 6683B-2, there were both pale and variegated 

4 

kernels but in the variegated class, the number of pigmented spots 
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was very low, the majority of kernels having only 1 or 2 such spots. 
z 

Also, as stated above , plant 668aB-2 was pale pigmented instead of being 

variegated, as would be expected if Spm were present. The kernels on the 

testcross ear of plant 6683B-2 were of three types; 169 were uniformly 

pale pigmented, 118 were colorless except for 1 or several dots of the 

Al type pigment, and 51 were totally colorless. If the last two classes 

are combined, there is a 1 to 1 ratio of pale colored kernels to those 

that are colorless, or nzarly so. This ratio suggested that in this 

plants some factor resembling Spm in its action was segregating. It 

suppressed gene action at al m-l in the kernel but not in the plant, and 

it was mu@ less effective in inducing mutation to or towards Al in the 

kernel. Some of the kernels that had ruler several small Al dots in a 

colorless background were sown in the summer of 1955 under culture 

number 6888. Tests conducted with the plants derived from them indicated 

that the factor responsible for the altered phenoty:iic expression of 

"1 
m-l had been carried in one of the chromosomes 5 of the parent plant, 

6683B-2. It resembled an Spm whose capacity for action had been much 

weakened and for this reason it was given the symbol Spm-w, Study of 

this Spm-w extended through 5 generations of plants and these included 
.'I 
h examination of the effects it produced on different states of +SSZ& a1 m-l 

4 . 
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Before these investigations are reported, several other cases will be 

reviewed briefly in which a modified type of Spm action was detected in the 

progeny of individual plants in which a fully active Spm was known to be 

present. 

As mentioned above, only a few of the plants derived from kernels 

having the described modified type of variegation pattern that were grown 

in the summer of 1954 gave evidence of the presence in them of Spm, either 

by their appe'rance or from the phenotypes of the kernels on the*testcross 

+w 
ears. At th;-:.t ti.l,.e, the reason for this was not under$tood. 4 Itwas only 

sometime later that it was learned thatone of the types of change in Spm, 

responsible for the appe:-trance of some of the kernels with only a few Al 

dots in themJmay be inactivation of Spm. In plants h;iving a fully 

active Spm, change from the active to the inactive ph,ase may take place 

in some cells, and when this is occurring in a k:Jrnel, the altered activity 

may be noted by an altred pattern of v riegation within the aleurone 

layer of the kernel. In plants derived rom such kernels, "pm may 

remain in its inactive phase throught development of the plant. Ike 

nature Of this ty>e of change in Spm will be des,cribcd .,IL the: o:ctlc;n 0x1 

this repor-t dealing with intictivation of Spm. Change of Spm from fully 

active to partially active likewise occurs in some cells and the differences 

in gra&e of this 
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section will consider. 

On&testcross ears produced by m fully v riegctted plants 

grown in the summer of 1954, kernels having the above mentioned types of 

change in Spm were noted. Often, on&y one to several kernels on an 

ear exhibited an-altered patturn of variegation. On a few ears, however, 

a large number of them appeared, and this was true of the testcross ear 

produced by plant 66653-g which was a1 m-l(state 5919A-1) Sh2/al sh2, Y/y 

in constitution (see table 18 for origin of plant). Pollen from a plant 

of the tester stock that was homozygous for al, sh2, pr, and y had been 

used in making the cross to plant 66653-g. Among the 169 Sh2 keinels 

on the resulting ear, 1 was totally Al in phenotype, 38 were uniformly 
G.hd..Ld dJ@vw fw&wq R, qa& &(l cjll,@w~I~~Z.&, 

pale pigmented, 84 were fully variegated, 40 tiere colo*less except for &ne 0% 

or several Al dots, and 7 were totally colorless. If the pale colored 

class and the two latter classes are combined, the ratio of kernels types 

on this ear suggested that a fully active Spm might be carried in the 

Y bearinq chromosome 6 of plant 66653-g because among the pale colored 

kernels and those with the modified phenotype, 30 were Y and 56 were y, 

and among the fully variegated class of kernels 45 were Y and 38 were y. 

In the former group, about one half of the k!?rnels exhibited the modified 
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ii, . v 

phenotype, being *zolorless or colorless with one or several Al dots. , \ . h i,:;,'," ~.l.w.~~~-\i~'-‘+ 
This suggested that some factor was present in plant 6665%9,wh&e 

; : I. I 
'\ J 

pr-esenee was responsible for modification of a 

.? 
we33 segregati, 23 independently of'Spm,but,coi;ld be recognized readily only 

'i . \ 
3 when Spm was absent. It was decided, therefore, to examine plants 

derived from some of the colorless kernels that had only a few Al dots 

in them and these were grown in the summer of 1955 under culture number 

On the testcross e-r produced by plant 66623-16, that w:ts a1 sh 
2/ 

a1 shy Y/y in constitution (see table 18 for origin of this plant), 

some variegated kernels appeared that exhibited a much reduced number of 
.i \ . ,: r, -,t ! f. ( .::\ i,r-,'- J, :,.,A. ,. 

Al dots in a colorless background in addition toV,tf+&+ vaziegated kernels, 

The pollen parent th t was used in making the cross to plant 6662E-16 
e 

was homozygous for state 5718 al m-l , for Sh2, pr, y and wx and it had no 

5 
Spm. The expected behavior in the presence of Spm'of the aim-' in this 

tester plant had been fully attested as it had been used in making many 

testcrosses to plants having ??prn in them. On the ear produced by plant 

66623-16 there were 76 pale colored kelnels, 26 of which were ?$ and 50 

were y. In addition, there were 289 variegated kernels, 117 of which 
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were Y and 112 were y. However, the pattern of variegation among them 

was not the same. Some were fully variegated but others had a much 
w&All 

reduced number of Al spots, ,,$Ilants m grown from the fully variegated 
&der culture number 6870 in the summer of 1953 , 

kernels on this ear/a&%&x-tested for the presence or absence of hpm-w 

in them in addition to we Spm'? 
w 

From tests m 
A 

t&se-+33s it w:zs learned that m Spm wt in 

the Y bearing chror~iosome 6 in plant 66623-16 but in addition, an Spm-w 
.w\ s pJ#q 

also was 
4 

present 
4 e p&ants derived from 

the: fully variegated kernels on the etr of plant 6662%16. 
! 

/ The Spm-w in plant 6683B-2 , 
Discussion of Spm-w will commence with the plants in culture 6888, 

derived from ktrnels on the testcross e.r ofplant 6683B-2. As given 

above, this plant was a1 m-1 (state 5919A-1) Sh2/al sh2, Pr/Pr, Y/Y, wX/wX 

in constitution and the pollen parent used in making the cross with this 
. I 3' ri r&J>-+ 

plant had been homozygous for str.:te 57198-l aim-' 
I' 

c %ud&4 4 
and for Sh2, pr,s and 

wx and it had no Spm. As reported, half of the kernels on this ear were h 

uniformly pale pigmented and half were either colorless or had one to 

several dots of Al in k$r a colorless b:xkground. Eight plants were 

grown from the uniformly pale class of kernels on this ear. Each was 

h.4 uniform..y pale pigmented and aa;~ earSof MG& plants- used in a cross with 

a plant that was homozygous for a 1' sh2, and y and in which one fw 
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. . 
a&&e Spm'was present. 

cin%bLtJ 
This was W %n ~x~miwarx or- der to 

the aim-' 
-5 w&t .q&4! fvwp’, 

in each plant we=&d react 

Ears were obtained from 7 of the 8 plants and the kernel types on these 

ears are entered in table 63. Half of the a1 m-l carrying kernels on each 

ear were pale colored and half were variegated, giving the pattez?n of 

(qAA3-s) 
this expected when a fully active Spm element is present. 

variegated 
Only two / 

' 4 

kernels on these 7 ears had a reduced number of Al dots in them. The 

6!iA eJ 
kernel types on these ears contrasted greatly with the types appear- on 

in culture 6888 4 

the ears of pl.nts/th:t had been derived from colorless kernels in which 

only 1 or several Al dots were present when the same pollen parents were _ 
$Q ‘f ,;"&J 

. 
/*.+$!~> .P 

B 

given in table 64. ., Half of the aim-l 
i ! ,.::: 

carrying kernels on these- ear4 

were fully variegated but among the remain!.ng half, half of these, in 

turn, were ti?r%g uniformly pale pigmented and half were either totally 

colorless or were colorless with 1 or several Al dots in them. Segrega- 

ti n of the alleles,& Pr and pr,to the uniformly pale kernels and to 

the colorless kernels with 1 or several Al dots left little doubt that 

the factor responsible for the appe-rance of the colorless or nearly 

colorless kernels was 
.&&AJ LwJyl~ A-& [ 3' 

fzazeed,-&B--* Pr chromosome &s-&&se-+&- 
.\ 4 

that h:id been received from the p rent plant, 6683B-? 
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tl.“fy<P 
,‘: ‘j’ . 

The plants in culture 6888 uva nn ears the kernels types 
&ere &elx&mented but %ey+D -' W&t srJuP,j 

7 
___ ..- I-' - --_-.-e- 

entered in txble 64 *B:,pigment as rapidly'- the'plants 
p-dw $.&2$ *\ a p alp (4Qdzd ’ 

th:it gave the kernel types entered in table 63. med 

qh &';,,,“' 
&:~w 2r4G&&Ty;- i* 4hc?m. In some m the intensity of %hzLs was 

',+yJ t&J ,+? - -l.Ad!Qm&Qt9 ma3.Q 
.t -, 

not uniform. 
1 \ 

Wzappe~ed in which the intensity of this was much 

reduced or occasianally incre sed. 

In addition t:j the crosses entered in tables 63 and 64, anear 

was obtained from one plant in culture 6888 that had been derived from 

w4ib rcn fLQAP%g,ddo 
a s colorless kernel 

fi 

for alme 
&&$[A 

(st,tte 57181, and for Sh2, pr, y, 
,d, 

and wx and *had no dpm. 
4 A 

On th;s ear there were 468 kernels; 253 were uniformly pale colored of 

which 70 were kr and-183 were pr, 143 were colorless with 1 or several 

Al dots and 112 of these were Pr ana 34 we1.e pr, and in addition there 

were 69 totally colorless kernels. Again, it was clear that the ,-- b : 
J,-,yQ.ry '.J,'!!$ "'./3i;,'J', $&y -3 

e spr;;\i';n t:^isl--plant-&s carried in the chromosome 5 that had been 
'I J,* \,oi,:'J 

received fromAplant,6683B-2. Ten plants were grown from the uniformly 
pr it. - :y ;!? -' 

pale colored/kernels and ten other plants were grown from the colorless J 

k..rnels with 

culture numbers 7264A and 7264-B in the summer of 1956. All ten plants 

derived from the uniformly pale colored kernels were themselves, uniformly 
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pale pigmented. Those derived from the colorless kernels with few Al 

dots in them also were pale pigmented but 1 

were crossed by plants th:rt were homozygous for either state 5719A-1 a,*-' 

or state 5718 a1 m-l , and for Sh2, y, pr, and wx and that had no "pm in them . 

On el3rs produced by all plants in A of culture 7264, only uniformly pale 

pigmenteikernels appered. On all ears produced by plants in B of this 

culture, pale colored kernels, colorless kernels, and colorless kernels 

with ore or several Al dots appered. Linkage of the latter phenotpe$ 

with Pr and the phenotyp with pr was clearly evident on all ears. 

The phenotypes of kernels on ectrs of 9 plants in culture 7264-B are 

entered in line 4 of table 65. In one plant, 7264B-6, gpm-w was 

present and carried in the chromosome 5 with Pr but it was almost 

completely inactive in many kernels on this ear. The kernel types on 

$! f \ 
this el1.r a='e entered in the last line of table 650 The-kernels pl:_iced 

in the "inactive It @j$W+ class were lightly pigmented and the distribution 

of this was uneven, giving a mottled appe !rance to the aleurtjne layer, 

CL .r,--j '.C - A. " : ,j ", : * >J , '.I" 4 *' t \ I I 
*his is t&z typical appearance of the aleurone layerr&%&&e- Spm &ES 

.- t 



is very weakly active, 

Continued examinativn of the Spm-w, originally present in plant 

6683B-2, included tests of its presence or absence in plants having 

a number of different con::titutions. In order to facilitate presentation 

of the evidence obtained from these tests, several chants were constructed, 

figures 5 to 7. Figure 5 illustrates the origin of the plants in 

CL 
culture 6888 derived from kernel 

4 4 B on the ear of plant 6683B-2Jand the 

constitution of the pollen parent used in making a cross to each. Prom 

the ear of plant 6888D-2 (see 2, under Progeny Grown in Summer of 1955) 

kernels were selected and plants $rowm from then given culture number 
q&Q ap \ac "4 & h@ -.&ue)ti j&b Quzlellllcraeo '4 IJkdJJ t&lL#- mp&+# &c, 3 

'7264 (see 3, under Progeny Grown in Srhmmer of 1956),, Kernels were also \ 

d 

selected from both the first and the second exr on the main stalk of s 
‘$ 

* 
plant 6888C-3 (see under 1 of Progeny Grown in Summer of 1955) and the %+ 

-2 

plants grown from th%were given culture numbers 7262 and 7263. The __ t 
*' 
.* 

phenoty,>es of the kernels selected from each of these two ears are ;< 
s 

given in figure 5 under 1 and 2 of Progeny Grown in Summer of 1956. 

All plants in cultures 7262 to 7264 were crossed by plants that weren 
8 

Ipi&tir homozygous for 
p~(J@&$-w~&~b&~~57IqFd-\ 4,wq.Q 

Sh2 9 Pry Y and wX and they had no Spm tn them. i On the ears produced 
/z 

by plants in culture 7262A and 7264-A, no variegated kernels of any type 



appeared. All were uniformly pale pigmented. Variegated kernels appear$e 

on the testcross e'zrs of all other plants in these three cultures. 

Each plant in cultures 7262C and D, in 7263C and D and in 7264B carried 

Spm-w but not Spm-s>and figure 6 was prepared to sh,:w the constitution of 

these plants with res +ct to LL L~zc~~~~xxx~% the alleles of Pr,an-d&& 

,locati3n of Spm-w; 
&dd@&up 

The kernel types on the ears of these plants are 
A r\ 

entered in table 65 according to the constitution given in figure 6. 

It may be seen that Spmw was carried in chromosome 5 in 22 of the 24 plants 
Ir 

th*.tt we-Oe Pr/pr but in two plants, no evidence was given of linkalfe of 

it with this marker in chromosome 5. 

The kernels that gavef rise to the plants h- r* in t&em 

RiBdsp"I-sM~* 
w in B of culture 7262 and in A and B of culture 72637 MM%LM& 

2 

iP 
a& ' F3 

*select& 
t+ 

for the presence or absence of Spm-w m for the 
MA'& QJfwd vuiv+wd 

number of location of the Spm-s elements. 
A 

to be quite heterogenous. Altogether there were 11 different UW$J.J\O&J 

constitution among the 21 tested plants,and these are given in figure 7O 

In 12 plants, no Spm-w was present !JJ At was present in the remaining 9 

'SW 
plants and carried in chromosome 5 in each,, The male parent of these 

4 

plants had 1 Spm-s element in it)and it was located in one of its Zwo 

y bearing chromosomes 6. Thirteen of the 21 plants in figure 7 were Y/y. 
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In 11 of them, one Spm-s was present and it was linked with ',in 10 of 
9 

these 11 plants. Two ;jprn-s elements were present in one plant (7263~-3, 

figure 7)one of which was carried in the y bearing chro:iosome 6, In 

the remaining plant that was Y/y (plant 7262B-2), three Spm-s elements 

were present, one of which was carried in is y bearing chromosome 6. 

The types of kernels appearing on the ears of plants entered in figure' 

7 under the heading "No Spm-w" are given in table 66. They reveal the 

number of spm-s elements present in each plant and the location of them 

with respect to the alleles of Y. ln those $lants th:At had an Spm-s 

element not linked with Y, no evidence was &iven of its linkage with 

eith:>r pr in chr rn,-;some 5 or Wx in chromosome 9. /I Also, on these ears, 

only one kernel was present that had a much reduced number of Al spots in 

its aleurone layer. The kernel types on the ears of plants entered in 

1 and 2 undtlr the heading "Spm-w present" in figure 7 aBe shown in table 

67, and those entered in 3 and 4 under this heading are given in table 68. 

From the data g++en in each of these two tables, it is evident that Spm-s 

and &pm-w segregated independently of one another, and that in the 

majority of the Y/y plants, Qpm-s was carried in chromosome 6,a& Spm-w 

P cm& 
in the chromosome 5 originally derived from the grandparent plant, 

6683B-2, It also was clear that Spm-s is epistatic to Spm-w, all kernels 
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with Spm-s having many Al dots in--%hem regardlegs of whether or not Spm-w 

is also present in them. 

Response of state 5700A alg-' to Spm-w 

fhe following year, 1957, plants were grown from some of the kernels 

having dpm-w but no spm-s in order to introduce Spm-w into plants having 

a state of a 1 m-1 other than 5718 or 57198-l. W ith either of these two 

st .tes, tihe number of mutations to or tbards Al 4 is very much reduced when 
&.&A..qP~- 

Spm-w is present, there being m only l/8ifia!?~v~~a?Jo&~ or none & 
/\ 

It was desired, therefore, to determine to what degree Spm-w wo Id reduce 

mutation frequency with a state that gives a large number of mutant spots 
4 4th Wb-lf 

when Spm-s is present, For thf& test', state 5700A w@selected (--s~@&o. 
4 

@ . State 570@A produced very many mutant areas both in plant and kernel 

with d3rn-s and a number of mutations occur early in development of both 

(itPP$hd 
plant and kernel. 

? 
, 

To obtain plants having state 5700A and no Spm in them, pale colored 

kernels were selected from the self-pollinh.ted e'1.r of plant 6702-2 which 

was alme (state 5700A) Sh2/al sh2, Pr/pr and it had no Spm in it (see 

table 18 and 23),and from the pale sh2 class of kernels on each of two 

ears produced by the cross of plant 6702-2 to plants that were homozygous 

for sl and sh2 and in which no sprn was present, The plants having Spm-w, 



grown in the summer of 1957, were derived from Spm-w carrying kernels on 
” 

the ears of two plants, 7262C-2 and 7262D-4, entered in figure 6 and t:$ble ;I 

Each was pr Spm-w/pr + (state 57lgA-1) ah2/al sh2 in constitution, 

and the ear of each was produced by a cross with a plant that was homozygous 

for state 5719A-1 alme and for Sh2, y, pr, and wx and in which no Spm was 

iJD+ 
present. Plants were grown from kernels on each eEr that had purpibe 

A 

spots (Pr/pr) or red spots (pr/pr> in them. Tests were conducted with 

each plant that was used in a cross with a plant carrying state 5700A 

"1 
m-l in order to determine its constitution. For this purpose, pollen 

from plants homozygous for state 57198-l almW1 and for sh2, pr, y and wx 

and in which no bprn was present was placed on the silks of these plants, 
. 

The kernel types on the resulting ears produced by 4 plants that were 

honozygol;s for st:te 57198-l alms1 and Sh2 and were Pr Spm-w/pr + are 

given in t.ible 69. Spm-w was cx~rried in the chromosome 5 with Pr in each 

of these plants. 

Examination of kernel types appearing on the ears produced by 

intercrosses between plants carryingzpm-w and those having state 5700A 

indicated that state 5700A aim-1 responded to Spm-w by producing many 

fewer mu&ant spots than it does with Spm-s (see photos 00 and OO), Also, 

the time of occurrence of mutation was much delayed. MoFt of the A1 
. 
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spots in the kernels having state 5700A were small and this contr:<sted with 

the many spots of large size that appear when Spm-s is present. The 

number of pigmented spots was much greater, however, than that which appears6 

in kernels having either state 5718 or state 57198-l when Spm-w is present, 

For further study of the effect of &pm-w on state 5700s aim-', 

kernels were selected from ears produced by plants that were homoz,igous for 

state 5700A in whi.ch no &pm was pre::ent when crossed by plants that were 

homozygous for stlte 5719A-1 and having S;pm-w in them. All kernels on 

& 
these ears had,,state 5700A and state 5719A-1 in them, It wf5s necessary 

to grow plants from kernels having both states of aim-' in them and to 

cross them by plants thrt were homozygous for a 1 and in which no Spm was 

present in order to compare the response of each state $6 tihe Spm-w present 

in the plant. Among the kernels on the resulting ears, half should carry 

state 57198-1 and the other half should carry st te 5700A. The response 

of each state to Spm-w could then be campk%red directly among the kernels 

on an e.lr, 
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‘- A-- 
yor one of the tests conducted kG& state 5700 Alrn-' to determine 

a..! 
.' 

#" i3;s response to Spm-w, plants were grown from kernels on an ear produced 

by the cross ,of a plant that was Pr/pr and homozygolls for state 5700A and 

Sh2 and in which no Spm was present,by one that was homozygous for state 

5719A-1, Sh2 and pr and in which 1 Spm-w was present. nalf of the 

kernels on this ear were pale colored and the other half were vriegated. 

The pattern of Al spots among the variegated class of kernels resembled 

that produced by state 5719A-1 when Spm-s is present (see photos 10 

Ten kernels were sown in the summer of 1958 from the pale,class of kernels 

iibf 
under culture number 75308 and 10 kernels were sown from the variegated,Pr 

A 

.glass under culture number 7530B. All plants arising from the pale kernei 
T 

were uniformly pigmented. Those arising from the variegated cbbss showed 

small streaks of Al pigment in a non-pigmented background during early 

development and the pattern of streaks resembled that produced by state 

5719A-1 in the presence of Spm-s, As the plants matured, pigment develop- 

ed in the background. The patt rn of small s::ots of Al in the kernels and 

of small stre:.ks in the plant most probably were produced by mutyttion 

occurring to state 57OOA, the contribution to thqs of state 5719A-1 being 

small. This WIS made evident by the kernel types that appeared on the 

testcross ears of these planhs, 
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*t was necessary to FFtgm. th t the uniformly pigmented plants, 
A 

arising from the pale class of kernels on the esr ju t described, had no 

these 
Spm in them and also to verify that IEXC& plants carried state 5719A-1 in 

one chro,,.oso!:e 3 and ste,te 5700A in the other chromoso;i:e 3, hot@ of which 

wovuld respo.rd in the expected manner to the presence of Spm-s. 'iherefore, 

crosses were m de to plants in culture 75308 using for t is purpose pollen 

from plants th,tt were homozygous for a1 and sh2, Some of the pollen 

came from plants that had no Spm in them whereas it was present in other 

#&IA tiP~wed,eps~~ 
plants. The types of kernels appearing on the ears of five plants in 

4 

culture 7530A, produced by these crosses, are shown in table @ . 

It was Q-W&NS from them tests th,.t no Spm was present in these plants and 

~&8 that t& states of a 

manner to spm-s. 

4.a 
eagh stte was so 

respond in the expected 

of variegation given by 
\' n 

'tax* , 
experienced in se.:,ar~~ttn~ 

t;;tne kernels having 

plants in B of cuisure + were crossed by plants 

homozygous for a1 and sh2 and in which no Spm was present. Seven test 

cross ears were obtained from these plants and. the types of kernels on 

each ear are given in table 7#. All plants in c-illture 7530B were Pr/pr 

in constitution. it h,ad been planned to cross these plants by ones that 
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were homozygous for al, sh 2' and pr but all plants of this constitution 

died in early stages of development due to unusually unfavorable growing 

conditions in the summer of 19580 Therefore, plants 

culture in which the alleles of Pr were segregating. n some plants were n 

Pr/Pr, others Pr/pr and still others pr/pr. The cons&itution of any one 

plant with regard to the alleles of Pr could not be known in advance of 

ti 
tv4 -t&q&4&-w WEI@=3a 

test of each. rblhhse used in the crossesA all three constitutions were 

represented, It was expected that t&c Spm-w wo:Ild be carried in the pr 

chromosome in the6 plants in c:llture 7530B and that linkage of the 

variegated class with pr would appear among the kernels on the testcross 

ears they produced, Among the ears given in table 7$, one pollen parent 

was Pr/Pr, 4 were Pr/pr and 2 were pr/pr, 
/ It was evident thit Spm-w was 

ieuqQV30B 
carried in the pr chromosome in each of the plantsAentered in table 7$. 

, On the two ears produced by the cross with a plant that w-s homozygous for 

recombinant 
pr, the percent of/kernels ~kfi among the variegated class was 33=, 

Among the variegated class of kernels on the ears entered in table 716 

two ac0uj.d be distinguished readily. One had many dots of Al 

and the other had only If- or several of them. In G~~total, therewere 

659 kernels the former %Q 
class-and 579 * the latter y& . In -addition, 

there were 90 colorless kernels. If the colorless kernels are added to 



200 

hum to those in the latter class, a 1 : 1 s--n ratio appears.*- $ 

sf k-?rnels havin$ Spm-w in them. The latter class resembles 

in phenotCTFe that appearing with state 5719A-1 and spm-w and the foray 

in the kernel 
type the same as that/tih&&h gave rise to $$ch plant, and these kernels 

had both state 5700A and state 5719A-1 in them. Obviously, then, the 

kernels that have many Al dots carry in them st,:te 5700A and those with 

~-Qw@+f 
or several Al dots orhaneAcolorless wm Al 3&s,h!tve state 57198-l 

in them, In other words, hx of the kernels on these ears had no 

Spm-w in the/!: and were uniformly pale colored and half carried Spm-w, 

Maj"y 
Half of these, in thrn, carried state 5700A and half carried st-lte 5719A-lo 

h 
&WI 

It appe:-lrs eviden5bthat Spm-w reduces mutation grequency in a proportional 

manner, the number of mutalht spots that are produced in its presence 

being a fraction of that which aFpe rs w&hen Opm-s is present, This 

relationship was also found to be true when Spm-w was introduced into 

slants carrying state 5996-4, which mutant spots with "pm-s 

but f:ir fewer of them with Spm-w. Before this is considered, another 

test conducted with st.Tte 5700A and Spm-w will be discussed. It was 

0" Q#Q %I* pbk& p@uo-wqSP-~ -pJ,&&iA @q 
curomi.nd because & change in action of jpm-w had occurred.&W 

(Q-laditih 
A 

sa further its capacity to induce mutation. 
4 
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The ear of a plant homozygous for state 5719A-1 and sh2 that was 

Pr +/pr Spm-w was used in a cross with a clant homozygous for stite 

5700A, Sh2, and Pr in which no Spm was present. On th$s esr there were 

148 pale colored kernels and 140 colorless kernels tith spots of Al in 

them. However, the number of Al spots wsssefar fewer than that pppe:-tring 

,&.ifh~ 
on ears of other plants produced by crosses conducted with 4 @+ ..lant 

carrying state 5700k. *nstead of several hundred A 1 dots, the number 

among the varieg ted kernels on this ear ranged from as low as 15 to 

as high as approximately 100 with the majority of kernels h.iving about 

30 to 50 of them. Some of the variegated kernels were selected from 

this ear and grown in the summer of 1958 under culture number 3829. the 

ears of five of these plants were used in the cross with plants th-Lt were 

ho;!lozygous for a1 and in which no Spm was present. The kernel tyqes on 

these ears are shown in table 72 and the plL:nts are arranged according to, 

on their ears 
the proportion of kernels/that were colorless Qlhth no Al spots in them. 

This was done because there was a distinct correlation between the percent 

of colorless kernels and these ears and the number of A 1 dots that 

were present in the kernels hciving state 570011 and Spm-w, the higher the 

proportion of totally colorless kernels on the ear, the lower the avera6.e 

number of Al dots that appe,tred in the kprnels having st,ste 5700A. 



202 

However, on all e.-rs, a few kernels appe:tred with very many dots of A1 

in them or sectors appeared in some kernels in which the number of Al 

dots was very much increased. It appe red that the Spm-w in the parent 

plant that introduced it into the plants of cu&ture 7529 was less 

at a m-l 
effective in its capacity to induce mutat-on/eith&r with state 5700A or 

with state 5719A-1, and also tht2tNchange in this was occurring in 

individual ce.Lls leading to a much increased capacity of it to 

induce mutation. Difference+ in mutation-inducing capacity of Spm as 
. . 

-GJ 
-.__.----- --- 

---in well as its inhibiteqy capacity gene action at a1 m-l hzve been no&ed 

in studies of other Spm-w isolates. Just as Spm-s may undergo change 

to give Spm-w type action, so maey Spm-w undergo change to or toward 

Spm-s type action, 

Change in degree of action of Spm-w may be noted in the plant as 
/\ 

*L.r 
well as the kernel. fi In some pliints, distinct sectors appear in which the 

capacity of "pm-w to suppress gene action at a1 m-l was incrensed. The 

anthocyanin pigment in these sectors was much lighter than in the rest of 

the plant. Also, some sectors appeared in which no pigment co?ild be 

detected and within a few of them, small streaks of Al type pigment 

were present. From studies of the type described here and also from 
to be 

those that investigated Utsctivations of dpm, there seemsAlittle doubt 
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that the capacity of Spm to induce mutation is directly correlated with 
-- 

its capacity to inhibit gene expression at a1 m-l . Spm-w represents and 

intermedite state between a fully active Spm and one that is totally 

inactive. Its capacity to induce muttion is reduced along with its 
-_ 

caqatiity to inhibit gene expression. 
/ I 

It is possible that the apparent 

double mode of action of Spm --supression of gene action at al m-l and a m-l 
2 

and induction of mutation at both of these loci, --is the consequence of a 

single initial reaction in the cell for which Spm is responsible. 

Another factor enetering into consideration of "pm-w will be mentioned 

here as it has significance in appreciating the relation of Spm-w to Spm-s. 

A modifier was found to be present in a single kernel on an ear of a plant 

carryi.ng Spm-s. Its presence is made evident only when Spm also is 

present. The origin and detailed mode of behavior of it will be 

considered in the section of this report dealing with the Modifier. When 

present with either "'pm-s or Spm-w, an approximate three-fold increase in 

mutation frequency is produced with states 5718 and 5719A-1 of a1 m-l . 

The importance of menti ning it here is to indica$e that the mutation 

increase it induces is the same with either "pm&s or Spm-w. Kernels 

having in them an Spm with a low grade of action can no& be distinguished 

from ones in which the Spm is fully active whenever the Modifier also is 

present. However, if Spm is totally inactive, the Modifier has no effect 
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Response of state 5996-4 to Spm-w 

Tests of the ef@ect of aprn-w, derived initially from plant 6683B-2, on 

state 5996-4 aim-' were cor,ducted at the same time as tnose with st-,te 

5700-q, just Cizsc ibed. J-n tnepresence of Spm-s, scldte 5996-4 gives an 

exceedirlgly high number of small mu-i,ant spots in both plant and kcrnelo 

ihe number of them may be so high that a kernel.having this state and Spm-s 

often appears to be totally pigmented. Examination with magnification 

& ~~~4s &-&I 
reveals that this phenotype is produced byhmany mutant spots very close 

A 

to one another. In some kernels that are purp&E, (Pr), the diffusion 

rims about each mu,zant spot may run together and this may make it 

& &(j> &.y$@,di@( d&w !A.,tLti 
difficult 6r impossible to know 1be y ULthe phenotype arose from 

- b 
LJ. b.tm .Ti 

a germinal mutation to A 1 or w,as produced by many mutant s?ots whose diffwi n 

diffusion rims h,Ave run together, making the alaurone layer appear to be 
<- ~. p.mQ p&-+'&) I LJJ.&&~&&l&jj Q&&? d:&e* 

totally Al in phenotype. In Kernels 
4 

that are homozygous for pr, 

however, the diffusion rims are much lighter in shade and in these 

4h.q R, 3; dq; 
kernels no such difficulties are exp::rienced. 

b-i 

%he many dots, pl:.ce very A 4 

close to one another may be dbtected. M the pr phenotype, it 
\ i 

was learned that germinal mutation is infrequent with state 5996-4. 

Because state 5996-4 produced many late occurring mutations with a 

fully active Spm-s, it is a very sensitive indicator of any somxticx?ly 
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occurring c&ange in Spma -2;; ap@Leb -stab ? of- t 
A 

sometimes 
m-t. Sectors/appear in kernels in which the action of Spm 

is altered. If the *)pm present is undergoing change in a number of zells 

during development of the kernel, the pattern of mutant spots in the 

kernel is quite irregular. If Spm undergoes few changes during development 

the pattc-rn is quite regular. Illustrations of t'-is with Spm-s are 

shown in photographs 00 and OOJ ~ ais state,very effectively shows the - - ..-_ J 
ad 

types of change occurre to Spm-w. 
/s 

'3nm-w, initially obtained from plant 

6683%2, reduces the percent of mutations with state 5996-4 as it did 

with state 5700A, and the mode of testing for this was the same as that 

just described for state 5700A, In one test, pollen from a plant that 

was a 1 m-1 (state 5996-4) Sh2/al sh2 was placed on the silks of a plant 

homozygous for state 5819A-1, and Sh2 and having one Szm-w. on the 
MO qwk pJqJctaLtw,& bL?kdb ' %A t3-cL&3&~\ tbisa wL+J 

resulting ear there were 196 pale colored kernels, 86 k,rnels with g/uuew 
0% 

Qrd’++&- @  c 
0.1 at 

n-f Al dots state 5996-4 ,,i.-- 98 

kernels with 1 or several Al P dots & 4 kernels that were totally colorlessp 
&a& ti \w&~LqQAA ~hhc.4 "a CL-#&i& 53lL78-4 tid a,s QLqJ qwhdJ. 

L- The change in action occurring to Spm-w during the develonment of the 

kernels havjng it was illustrated in a striking manner gthose that had 
c 
-v 

-w Ci‘J 
*\staLe 5996-4 in them. In the majority of kernels, sectors were present 

in which many dots of Al w 2 d 
the j&%tern of this was similar 
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to that given when Spm-s is present. (See photos 00). in the kernels 
&&pd ‘J.i’ 

that had on?-y state 5719A-\in them, 
A 

more than the usual number of Al dots 

,b 
w,&~Mt . It seemed clear that the Spm-w in bhatributed by the female 

w whm Lafs&! 
parent was undergoing rather fret1.uen-t change during development of the 

h 
._ f.u 

kernel and this occurred early enough in some cel1s)tha.t thif progeny 

&- 
4 

+i4GdbLd~' 
could W thqschange re by the pattern of Al dots in N 

4 4 

. . Y 'When t&+ pollen from the plant carrying state 5996-4 was pl?,ced on the 
of an ear d;lQ@xM&%&F~9Ah' 

sl.lks/clf/Spm-w carsyir;lg of similar constitution to that jut 
Y) o&a& 

described, there were 167 uniformly pale pigmented kernels, 92 thathad 

I .‘.f :‘cc. 

Adots of Al mm, 39 that had only 1 or 2 Al dots and 62 

that were totally oolorless. It was o@vious from the reduced number of 

Al dots and from the infrequent appearance of sectors in which many Al 

dots appe red, that the Spm-w contributied by the female parent was 

early 
undergoing very few changes during/development of the kernel. Change in 

m vJwiif& 
Spm-w was occurring but in indiadual ceILlsAquite late in development, 

A 

(See Photos 00). The impression gainea from she study of state 5996-4 

with m-l 
and Spm-w is that mutation to Al will occur z& any state of 6 

1 only 

after some modification h2s occurred to 3pm itslef during development and 

that the number of mutant spots seen in a kernel with any one state 

is a reflection of the time of occurrence of change in Spm and the 
freg-uency of this occurrence at any one time, 



Table 1 

Phemnptqpes of kernels selected from ears 

2+-A 
carr:ring plant to plants that weu'e 

3. 
L 

pfoduced by CODES of original 
homozygous for the stand,?rd al and 

Phenotype of kernel 

Uniformly pigmented; full 
Al tme 

No.ofkernels Culture number of 
selected with plant derived from 
given phenoQpe selected kernel 

4 5713 A-l to A-4 

Uniformly pale colored 

Few small colorless areas in 
deeply pigmented background 

5 

5713B-1, 5713B-2 
2 

Original t;;pe of variegation 
pattern 

5 57171, 1 to 5 

Large areas of deep-pigmentation, 2 5717B-1, 5717B-2 
and areas with many small spots 
of deep-pigmentation in colorless 
background- 

Very many small spots of deep 
pigmentation in colorless background 1 5713c 

$q-& F ‘. -&w&?Q4 . Small~spots *c" 
in colorless background;uniformly 
distributed over aleurone layer 

5714% s7wh 57174 
5718, 5'719~~1, 5719A-2 

6 

Few small depply pigmented spots 2 571SB-1, 571.%2 
in colorless background 

Large and small pale areas IHI 2 
dlfP_ruriBn%i-%nkelil$ilOSes 9n 

5715C, 5720 

colorless background 

Deeply pigmented areas of various 1 5714;F 
sizes in a lightly pigmented 
background _-..- .-- 



Table 2 

Types of kernels ap earing on e::rs produced by test crosses of var'egatei 
plants entered in row 4 of Trble 1. All variegated plants were 
A. Zar$ produced b:- self pollination. 

aim' 
B. Ear$ of variegated plant$ h1 ,hJi 

derived from cross tith a plant homozygous for al. C. 3ars produced 
when pollen of variegated plant was placed on sil!rs of plants homozygous for 
qWRa* 

I 

Phenotype of Kernel 

Culture Number IUnifomly -pots,& Colorless 
dee&pigmeni$in 

Total 
of variegated 1 pigmented Humber of 
plant colo>iess back- kernels or: 

ground * 

A. gg 4Ei 389 118 553 
5718 331 82 0 

5719A-1 7 
ls"17 146 

- 5719A-2 

$2; 4-1.5 

2 179 22 249 

B. s7w 20 5719A-2 8 149 163 94 111 232 

c. 57w tin.. 
571* : ?, 

136 127 276 

;;np -. ’ 

::5 515 

5719A-1 c'+'" : 
135 508 126 1043 ‘Z 
181 

5719A-2 .%- 24 250 
i% 355 

533 
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I 
L/Z 

1 
i 

I 

lb 

1 

43 
1 

b 
E 

b 

~WFOW\~ 
‘ry-3& 
_ _--- 

Yak 

0 
0 

I 

0 
0 
0‘ 

0 
0 

0 

0 
0 
0 

0 
0 
0 

0 

I 
0 

0 
0 
0 ----- --I_- - 

0 
0 
0 
0 

I 
0 

0 
0 

0 
0 
0 
I 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 

Y- 

I 
0 
0 

0 
0 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 - .-_ --- 

0 
0 
0 
0 

0 
0 

0 
I 

0 
0 
0 
0 

I 
0 
0 

0 

D 

0 
d 
0 

D 
0 
0 

5 

613 

s13 
IYI 
a3 

5-‘da 
422 
40s 
326 



TABLE q 

PHENOTYPES OF KERNELS APPEAFCING ON, EARS PRODUCED BY THE CROSS OF PLANTS HOMOZYGOUS FOR 

al, sh,, AND y BY PLANTS WHOSE CCJNSTINTIONS RZRE a,*1 Sh,/a, Sh,; Y/y (PART I), OR 
a,+1 ShJal Sh,; y/y (PART,II) 

PLANT PARENTAGB 
NUMBER IN CROSS 

Part I: 
6046B-1. 
6046B-3. . 
6046C-2.. 
6047A-1.. 

pay.. 

6047:-l. 
6047C-3. : 

it%?- . . . 
6047B. . 

. . . . . 

. . . . . 

. . . . . 

. . . . . 

. . . . 

. . 

. . 

. . 

. . 

. . 

d 
Q 
Q 
Q 
Q 

Q 
Q 
Q 
Q 
8 

107 20 12 89 228 
32 1 58 9.5 186 
28 7 55 86 176 
30 31 173 162 ,, 396 
48 82 76 $ 253 

119 113 232 
93 88 181 
75 103 178 

209 228 437 
115 146 261 

. . . 20 . . . 174 194 . . . 163 . . . 

. . . 92 . . . 97 189 . . 203 . . . 

. . . 58 . . . 184=) 242 . . . 251 . . . 

. . . 4 . . . 398 402 . . . 391 . . . 

. . . 5 . . . 482 487 . 483 . . . 

colorless akurone 

Y Y Total 
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llb3 : 3 3 1141 4,7%2 
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36 

37 
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Table s 

8-r 
0 

0 

0 

I 

0 

0 

0 

0 . 

ii 

0 

d 

0 

0 

0 

0 

5 
0 

aI 
0 

-, . 
0 

0 

0 

I 
0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

d. 

0 

0 



Table 9 

PhenotTpes of kernels on ears of plants grown in the greenhouse during the wi>-iter of 1950-51 fron 
which plants were grown in the summer of 1951, 

Cultu&elNumber Type of Cross 
of 2 - 

B 
carry- 

ing lant 
co@ycz;t,n;ith 
21" 

Female Male 
5700A 5700A 

5718 Self-pollinated 
(see table 2) 

571941-l Self-pollinated 
(See table 2) 

a /a 57198-l 
r&eg'table 2) 

5719A-2 Self-pollin*ited 
(See table 2) 

5719A-2 
F&!$'table 2) 

5720 Self-pollinated 

5720 2JS1 
21/a-l 5720 

Phenotype of Kerne&s 
Selected from Ear 

Aleurone lightly pigmented 

Dots of Al pigment in 
colorless background 

Uniformly pigmented 
aleurone 
Dots of & 

tt 
in colorless 

backgroun 
Dots of A and some pale 
tieas in -A olorless background 

Dots of A in colorless 
backgroun 3 

II 

Dots of Al and pale areas in 
colorless background 

11 

Dots of A in colorless 
backgroun . 3 No pale areas 

Pale areas of various intensities 
in colorless background 

11 II 
II II 

Culture Number 
of Plants 
Derived from 
Selected kernels 

6078 

Number of 
Plants in 
Culture 

9 

6045 4 

6046A 3 

6046C 9 

6046B 

6047A, B, G 

3 

14 

608OC 14 

6080B 1 
6081A 8 
6081B 1 

6042 

60438, B 
6044 

12 

4 
9 
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Table 12 

Phenotypes of kernels on ears of plant 6080B, which was homozygous for 
m-l state 5719A-2 gl- . Line 1: Kernel types on ear derived from cross of 

6080B P x al/zlP. Lines 2 and 3: xernel types on ears derived from 
reciprocal cross. 

Phenotype of Kernel 

Al Uniformly Pale Dots of A in 
Pigmented Colorlesg' 

Background Total 

1 186 154 341 
0 226 187 413 
0 273 202 475* 

* 
One colorless kernel was present in addition to those given in the 
table, 
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Table 17 

A, phenstT;aes of kernels on ears produced b:r Cr’OSS 51 2w1(o~iginal s-b te) Sh, [ 

Phenotypes of Kernels 
A, 

Culture 

5994 

5994 

5994 

5995 

5995 

5995 

5995 

5996 

5’996 

5996” 

5996 

5997 

Totals 

B. 

5994 

5994 

Plant 
Number 

a 

10 

12 

1 

2 

10 

12 

1 

2 

4 

10 

,2 

A-1 pax-e 
pigmnt 

Variegated Appnrcntly Total 
colorless 

68 56 186 332 6L/-2 

38 91 113 264 506 

60 11 163 266 500 

63 3 140 315 521 

51 12 193 290 546 

76 42 70 329 517 

71 16 176 402 665 

16 44 54 159 273 

24 1 169 214 408 

10 107 120 280 517 

48 68 43 203 362 

63 18 73 229‘ 383 

5f@ 469 1500 3283 5840 

2 57 10 97 

12 57 75 96 

27% 

303 

4-42 

531 

Nuxxber or 
kernels 
with new 
state 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

3 

0 

0 

*The part o-f' the plant that praoduced t;?ls ear :lad an alL:-zaed s.xtc of r-l-1 
y- l 

It is refcred to in this repozti as St,-:te 5996-4 txlEB1. 



Table 18 

Origin of Plants Grown 

Ststem 1 uriginof Ear 'Tess Ref- 
of a -- erence 

-1 

s: 67 

5718 6045-4 Self.Poll. Table 15 
5719A-1 6046A-1 q&2 Page 

6046B-2 t~ " Table 14 
6046C-1 Self-Poll. It " 
6046C-4 tt " ‘I I’ 

.1 Sh2 6047B Table 4 
6047B iL$Li* '1 I' 

6628-2 Contam, Yage 
6628-5 21 Sh2 

1’ 

6628-6 " tt I' 

6628-8 " tt 'I 

6629A-4 t Self.Pollb' 
‘I B-2t 6629A-4t t~ 
1’ 

‘I 

tt 

tt 

I’ 

‘I 

‘I 

‘I 

tt 

‘1 

‘1 

I’ 

tt 

I’ 

‘I 

‘1 

t1 

‘I 

1’ 

1’ 

B-6t ” ” ?I 

A-l I gl sh2 
tt 1-J tt tt 

A-2 t ” ‘1 

A-3 " '1 
A-4 1 " '1 
A-5 1 " '1 
A-5* " " 
A-6 1 ” ‘1 

A-7 1 " '1 
‘I ‘1 t tt ‘I 

A-8 1 ” ‘1 

A-Cjt ‘1 ” 

B-1 1 1’ ‘1 

B-2 I " " 
1' '1 t I' '1 
B-4 1 " " 
B-5 1 " " 
tt I’ 11 ‘I tt 

B-5t ‘1 1’ 

Table 5 
‘1 'I 
‘I tt 

tt tt 

‘I ‘1 

‘I tt 

11 ‘I 

tt If 

I? ‘I 

It 0 

tt tt 

‘I ‘1 

Table 8 
'1 ‘I 

‘I ‘I 

tt I’ 

‘I ‘1 

‘I ‘I 

it ‘I 

in the Summer of 1954 
Phenotypes of Kernels selected 
from earg. 
Pale Var. Pale Var. Bololp- Odds 

a2 sJ2 

8 
30 
28 

9 
2 

19 
22 
20 

0 
6 
6 

13 
11 

13 
12 

7 
12 
12 

9 
4 

10 
10 

5 

5 
3 
8 

8 

9 
10 

1 

10 
10 
10 
13 
12 
19 

12 
12 
11 
17 
11 

20 

9 
8 
4 
8 
9 
3 
9 

Sh2 

1 

1 

1 

1 

a2 sh less, 
-3 

L 

39 
20 
27 
33 
23 
22 

20 
22 
30 
35 
11 
38 
24 

12 
25 
14 
11 
13 
16 
27 

2* 

t 
1 
3* 
6* 

4t 

2" 
2* 
~ * 

6638 
6639 
6640 
6641 
6642 
6697 
6698 
6658 
6659 
6660 
6661 
6662 
6663 
6664 
6665 
6666 
6667 
6669 
6670 
6671 
6672 
6673 
6674 
6675 
6676 
6678 
6679 
6680 
6681 
6682 
6683 
6684 

7 6685 

1954 
Culture 
Number 



Table 18, cant .n:l ed 

State 57198-l 

Origin 'Text Ref- Phenotypes of kernels Selected 
erence from Ear 

e 67 

662gB-6 I sl sh2 Table 8 
It B-7 1 It '1 tt I’ 

‘I B-8 1 tt tt tt tt 

” B-9 t ” ” 
tt tt 

tt ‘I tt 11 t1 tt ‘1 tt 

State 57198-2 
608OB 21 Sh2 Table 12 

% Sh2 6080B I' 1' 

60806-2 s1 sh2 " 13 
1' c-3 11 '1 " I’ tt 

608OC-8 ISelf .Poll. " " 
6081A-6 Sl sh2 " 10 

51 “h2 6081B I’ 11 

State 5700A 
6078-T I Self.Poll.Page 

tt "II 604lB-15 " 
tt -5 Self. Poll, It 
tt I' 604lB3 " 

State 5996-4 
5996-4 6041B-14 " 

Original State 
5996-2 6041B-6 Table 17 

State 5939 
5999t Self. Poll. hge 

:I 1 634~B-2 tt 

Pale 
Sh2 

Var. 
sh2 

Pale Var, Color- 
&2 Sh2 less 

Sh2 

10 
11 

10 
6 

10 
9 

16 
16 

1 

10 
5 
5 
3 
4 
4 
4 

10 
7 
6 

11 

Colk- 
less Sh2 

10 
9 

13 
12 

8 6699 
5 6700 
8. 6701 

10 6702 

10 8 6704 

9 6705 

10 
cl 

8 10 

Odds 

6* 
10 * 

1954 
Culture 
Number 

6686 
6687 
6688 
6689 
6690 

6691 
6692 
6693 
6694 
6643 
6695 
6696 

6706 
6707 



Table 18 continued 

State 5713b-2 
Origin Text Reference 12henotypes of Kernels Selected 

from Ear 
Variegated CW&tiBat 

Y- 61 
Pale i&2 

______.---. _..-___-..- , Sh2 ; a2 
5713B-2 I Self.Poll.'Tables 10 

21 2?Lp 5713B-2 

State 5714F 
gz m2 5714F 

(1 I1 11 

State 571512 
5715A Self. Poll. 
sk Sh2 57158 
fl I1 11 

State 5720 

6042-3 $ Sh2 
?I -7 II II 

6044-lt " H 
" -7 " " 

Table 2 

Table 2 3 6 6646 
M f! 8 6647 

Table 2 
I1 II 
II II 

Combinations of states: 

Page 
I? 
It 

Table 16 

1 and 2 

5700A x 57198-2: 
6078-5-t 608OC-3 Page 

5720 x Original State 
6042-8t 5995-10 Page 
6043A-lt 5994-2 I1 

6044-6t 5995-10 If 

12 

10 6648 
9 6649 
4 6650 

5 5 6651 
5 5 6652 
5 10 6655 
8 9 6657 

20 

7 6653 
6 6654 
4 6656 

Colorless 
$$2 

1954 
Culture 
Number 

6644 

6645 

6703 

*Colorless kernels with 1 or several small Al dots. 

'= entering inactive phase in some cells of kernel 
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Table 19 

Constitution of tester plants whose culture numbers are given in 
last collcl?nn 

Part I. Homoz:yTgous for a m-l 
-1 

and Sh, 

1954 
StatJyof Chromosome 5 Chromosome 6 Chromoscne 9 Snm Culture - 

5- 
- ..-. Number 

5718 pr/pr 

5719A-1 -r&pr 

5719A-1 LA!22 

5719A-1 pr/pr 

5719A-2 pr/pr 

57OOA Pr/Pr 

Part II 3 m-1 sh,/a, 9h,, 

/- Pr T)r 

Pr/pr 

Pr/Z?r 

J- Pr x)r 

Part III 3 m-l 
sh,/Zl sh, 

Pr/pr 

J- Pr 73r 

J- Pr Dr 

Pr/pr 

dx wx/wx 0 6638A - 

Y2l wx/wx 0 66418 

Jh wx/wx 0 664lB - 
ygorux wx/s 0 6642 

?zL wx/wx - 0 6643 

y/y sh, WxJsh, E 0 6701-2 

no SpM (state 5719A-1 in all plants) 

A wx/= 0 6662C - 

y/s. W+~X - 0 fw!x+ 

et gwx - 0 6678 

idx w&wx - 0 6669C 

(state 5719A-1 in all pl-:nts) 

YJY. wx ./- wx Y,wz+ 66663 

a /- wx wx 1 Spm 66713 

XkL ,. _ 1* 6673F 

z/z !ws 3Spm 6680~ 

WXJWX - 6690 



Table 20 

Phenotynes of kernels from which plants were groom under culture number 

indicated in column 1 

1954 
Culture 
Number 

6665 

6666 

6670 

6673 

6674 

Cross that produced 
ear from T;T;:ich 
kernels were selected 

6629Am1 x 1041-5 

6629A-1 x 104-I-4 

6629A-4 x lo@ -5 

6629A-6 x 1040-l 

6629A-7 x 1040-l 

Phenotypes of kernels 
Pale Sh, Variegated 9 Colorless S& Odds 
xii - Y 9 -x Y 

6 7 10 3 21 12 

6 7 7 5 6 14 

6 6 12 5 17 18 1+ 

57 74 5 6 3tm 

Totals 28 33 43 22 59 63 5 

This kernel was vp+riegated, 2, 2 

3 K. ernel was variegated for pale and colorless areas with few dots of ilpigment 
within the colorlecs ax"s* Y Sh,Y 9. 

t Kernels were colorless with 1 or 2 small dots of Al type pigment; Sh -29 z* 
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Cult 

Part 

6665G 
66666 
6665G 
6665G 
6666G 

Part 

Part 

Part 

Table 22 

Test crosses conducted wit.1 plants in culture 5665G and Ii and culture 
6666G and H dl-rived from colorless, sh, kernels on CCFS of 1:.tn.-i; 6629A-lo 

Plants in Part .-- 
IV we r 

YJC and I 

Y/y Spr 

1 
!I- 
7 
2,-5-6: 
2, -5, - 

!ant nu 

presen 

her 
j Table 
1 
I 

: 1s plbnts 

=12,-13 
5, -9, 

To sprix 

-16,-2: 
10 

15 plar 

lf,3cp 

@  prc snt: 6 

1 S-nm p: -. 3scnt: 

0 
1J -11 
' -11, Y -12 

,L 
ZZ 

j 

/ 
dach pi/ant ‘IJ;Z~ 

/ Sour 

1 Teste? 

S718 
5718 
5718 
5718 
5718 

1 EiIlt S 

S718 

GA-: 
5718 

8 plan1 

used a$ the e: 

e of pcjllen us 
test aross 

Pale 
'&Tt 
k.cJs 

d in mc 

plants 
s Ot;-C' 

in ta 

5719A-; 

5996-b 

Those in pa17t 
I 

in the/ cross, 

s:13:1 an& -. 

- ----.- 



66'7% 

. . -.-.- ._- 

bb?D 

LdWD 

k&d&E 

__.-.-. - 

s 

_._- 
\ 

I 

-... _. 
a- 

- .^“_ 
a 
I 
3 

12% 

. . . . 

1 
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b,&& 
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0 

\Y 
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Table 24 

Phenotynes of 1;:::rmel.s ap?3e. rlnp on evs of’ 15 :,lants in cultu-res GhSSG 
and 6666G in which SD ~a::: pFr:sent. Th.e constitution of these plants 
w@iB a Sil /a &2, 
eai:>s TAs?'?orn -G$nn.ks 

VY, r* The pollen used to ur:oduce these 
in clrlture 663814 or 6701 of table 19. or fl>orn a lnlant 

,,-.te 57i9A-2) Si / 

4 -1 
i 
1 ) 
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Table 28 

Spm constitution of plants derived from selected kernels on ears 

produced by --~!..ant 6629A-1. 

Phenotype of Number of Appccrance Number S m number in plants having 
kernel from plants of plant of nlants &- and its locati n with 
tjhich plant tested having respect to the alleles of 
arose Spm g in YJL plants. 

Pale, Sh,, Y, 3 

Pale, Sh,, x 10 

Variegated, 
Sh,, 2 17 

Variegated, 
Sh,, x 8 

Variegated, 
g&p y, 1 

Colorless, 
sh,, Y, 30 

Colorless, 
gh,, x a- 

Uniformly 
pigmented 

Uniformly 
pigmented 

Variegated 17 

Variegated 

0 

0 

8 

Variegated 1 

Non-pigmented 15 

Bon-pigmented 6 

---m--w 

-----m.-- 

16 Y,Spm/~i 

neither linked tl 

1 Spm in all 8 plants - 

Y SDrn / x + -- 

1 with 1 pm, not linked 
to y, 

1 Sxm in all 6 plants 



Table 29 

Reccmbinntion between Y and 

and their offspring that were &l 

ain test crosses of 2 spm/x+ parents 

g&&i1 sh,, YSpm/zt l 

Phenolqpes of Kernels Percent 
Cultures Number of Recombination 

ears Pale Variegated Totals 
Y z - x Y 

6629A 5 
(See ta'ble 20) 

155 303 309 180 947 35.3 

6665G, 6666G, 26 1653 2922 2838 
667C)E, 6673F: 

1530 8943 
6674F 

I --__ 

35.5 

*Cn 7 ears -?roduced by 6 nlants in culture 66736 a partical inhibitor of Y 

expression was segregating among the kernels. Although linkage of h& with 

Y, was certain, exact classification for Y in every kernel could not be made. 

The kernel types on these ears are excluded from the table. There were a 

total of 2359 kernels on these 7 ears, 12&!+ we;r:e pale and 1115 'vrcre variegated,- 



Table 30 

Snm number and locztion in plants of culture 6629 as determined by 

Plant Number 
Culture 6629 

A-l 

A-2 

A-6 

A-7 

A-8 
? 
$! - A-9 

B-1 

B-2 

B-3 

B-4 

K5 
B-6 

B-7 

B-9 

tes s of t!:e progeny of each. 

in Spm Number and Loc;l.ticn 

x 

Y 

::Y_ 

Y 

Y 

Y 

Y 

Y 

x 

9. 

JI 

1 

1 

wx+ 
Spm'w / x + L and 2 othexa @ , one linked to 
pr in main stalk but not linked to ~2 in tiller 

SpmkL+; 

Spm/x+ 

a,'g+andlSnm, locztion not determined 

Spm/x+ 

Spm/x+ 

Spm Spm / x t-t 
Spm/ Y-t.1 

.'L 
Spm/;IIt 11 and 1 other s not located 

Sgn; location not determined but not 15.rked to pr 

Spm; location not det mined but not link,& to 
eithc :p pr or wx - 

Pr+t/prSpmSpm - 
2 Spm; locaticns not det r-mined but neith ~7 lizked 

tith pr 

1 Spm; 1ocatFcm not detcmincd but not linked to 
32 or wx - 

3 Spm; locations not det-z$.ned but ncne lixked 
with either pr or T-IX. One probe%:; in 
CL m-l carrying chrG?os~~~e 3 

"Detcmined i'rox t .:sts of "rogeny in next geE!erztFon aft r intr~oductlon 
of Y 
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TABLES. P Spm Constitution and Location in Different Plants of a Culture and in DiAerent 
Parts of Individual Plants 

Plant No. No. of Ears 
in Culture 

7285 
Tested per 

Plant 

A-6, B-l, and B-6. . . . . 1 
B-4 . . . . . . . . . . . . . . . . 1 
A-S . . . . . , . . . . . . . . . . . . 2 

B-2 and B-S . _ . . . . 2 

A-l . . . . . . . . . . . . 3 

A-3 . . . . , . . . . , . . . . . . . 3 

A-4 . . . . . . . . . _ . . 3 

Position of Ear Spm Constitution and 
in Plant Linkage with Wx 

1st ear, main stalk 
1st ear, main stalk 
1st and 2nd ears, main stalk 

1st ear, main stalk; tiller ear 

1st and 2nd ears, main stalk 
Tiller ear 
1st and 2nd ears, main stalk 
Tiller ear 
1st and 2nd ears, main stalk 
Tiller ear 

1 Spm; linked with Wx 
2 Spm; one linked with Wx 
2 Spm; one linked with Wx 

(both ears) 
1 Sptn; linked with Wx 

(both ears) 
1 Spm; linked with Wx 
1 Spm; not linked with Wx 
2 Spm; one linked with Wx 
1 Spm; linked with Wx 
1 Spm; not linked with Wx 

(all three ears) 

A-2 . . . . . . . . . . . . 3 1st ear, main stalk 
Ear on one tiller 

1 Spm; linked with Wx 

Ear on another tiller 
1 Spm; linked with Wx 

A-7 . . . . . . . . . _ . . . , 4 1st and 2nd ears, main stalk; 
No Spm 
1 Spm; linked with Wx 

ear on each of two tillers (all four ears) 



4 4; L ~,.P&-kJ 
Table 3"; 

Phenoty?esf,on testcross ears of plants in culture 7285 t;kat were 

Wx Spm / wx + in constitution. 

Plant Number Position 
of ear 

in plant 

A-1 First ear, main stalk 

A-l S&38&d ear, main stalk 

A-2 First ear, main stalk 

A-2, Second tiller 

A-3 y'iller ear 

A-6 First ear, main stalk 

A-7 First ear, main stalk 

A-7 Second ear, main stalk 

A-7 Tiller ear 

A-7 Tiller ear 

B-l Ff5stoaar, main stalk 

B-2 First ear, main stalk 

B-2 Tiller ear 

B-5 First car,tiin stalk 

B-5 Tiller ear 

B-6 First ear, main stalk 

Phenotypes of kernels on ear 
Pale colored Variegated 

WX 

25 

40 
27 

4 
22 

32 

23 

28 

16 

19 

8 

37 

23 

53 

46 
15 

wx 

63 

116 

99 

63 

72 

92 

95 

120 

79 

57 

103 

134 

92 

158 

l&O 

86 

14X 

73 
1) 

123 

78 
%I 

51 

78 

67 

93 

136 

93 3) 

51 

114 
123 

62 

164 
103 

103 4 

wx 

15 
26 

19 

8 

16 

4-1 

18 

15 

21 

22 

17 

17 

22 

50 

33 

16 

Total 

176 

305 

223 

126 

188 

232 

229 

299 

210 

149:* 

242 

311 

199 

4-z 

292 

220 

4:-n lherc was a large sector on this ear bn whhtoh 013ly~ pale kernels were 
present. 'I?ne$ are not included in the table. 

? 



TABLE 6 Phenotypes of Kernels on ?%a- Twenty-Five Ears 
Produced by 12 Plants vu 7253s 

Wdm=ln 
vf 0 ,*l/~m X d alm-l/~m-l, wx/wx, no Spm. 

Phenotype of Kernel 

mv .v . r Deco Cdor Pale Color Colorless with Total No. No. ancl MCatlOn Of 
Spm in 0 Parent (no SPm) 

WX W X  

spots of A , 
(Spna present) 

wx wx 

of Kernels 

1 Spm; Iinked with Wx. . . 418 1539 1512 356 3826 K 
2 Spm; one linked with Wx. . . 79 267 594 323 1263 
1 Spm; not linked with Wx. . . 190 168 140 174 672 



TABLE l3z Spm Constitution and Location in Different Plants and in Dserent 
Parts of Individual Plants 

No. of Ears 
Tested per 

Plant 
Position of No. of 

Ear in Plant Plants 

Spm Constitution No. of Plants 
and Linkage with Given 

with Wx Constitution 

1 1st ear, main stalk 

2 1st and 2nd ear, main staik 

2 1st ear, main stalk 
Tiller ear 

3 1st and 2nd ear, main stalk 6 
Tiller ear 

1 Spm, linked with Wx, in all 
three ears 

3 1st ear, main stalk 2 
Ear on each of two tillers 

1 Spm, linked with Wx, in all 
three ears 

13 1 Spm, linked with Wx 
2 Spm, neither linked with Wx 
No Spm 

1 

15 

1 Spm, linked with Wx 

1 Spm, linked with Wx, in both 
ears 

1 Spm, linked with Wx, in 1st 
ear: 1 Spm, not linked with 
Wx, in tiller 

1 Spm, linked with Wx, in 1st 
ear; 2 Spm, one linked with 
Wx, in tiller 

2 Spm, one linked with Wx, in 
both ears 

1 Spm, not linked with Wx, in 
both ears 

1 Spm, linked with Wx, in 1st 
and 2nd ears, main stalk; 
2 Spm, neither linked with 
Wx, in tiller 

2 Spm, one linked with Wx, in 
1st ear; 1 Spm, linked with 
Wx, in 2nd ear; no Spm in 
tiller 

2 Spm, one linked with Wx, the 
other linked with Pr, in all 
three ears 

9’ 
3 
1 

1 

10 

1 

3 

1 

1 

l One ear with sector in which Spm was absent. 
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Table 44 

Spm constitution in the progeny of plant 6895B-3 

Plant Number Position of Phenotype of kernels on test- 
in culture in plant cross ear. . 

Parent plant 
6895B-3 I 
Progeny Plants 
culture 7261 

Pale 

wx wx - 

91 184 117 

Wx apm/wx + in some p,-rt of plant - - 
2 I 
5 I 

tiller 

6 I 
II(n0 Spm) 
Tiller-l 
Tiller-2 

8 I 
Tiller 

16 I 

Wx spm/wx + plus one Spm 
10 I 

Tiller 
1 Bpm, not linked with Wx 

1 I(see tee-$ 
Tiller I 

3 I 
TilPler I 

89 
83 
15 

46 
49 

;1’ 
64 
12 
87 

140 
102 

26 

2: 
2 
77 
29 

120 

124 
117 

35 

76 
0 

571" 

E 
94 

55 

:; 

47 
0 

;: 
43 
20 
64 

96 16 103 147 
21 47 100 105 

95 91 76 
84 88 100 
63 63 68 
62 75 46 

83 
93 
83 
36 
4' ..- 

89 
69 
53 
95 
94 

9 l-p.,..~ 
12 I and II see text> 

Tiller 
15 I 
17 I 

99 
51 

102 
85 

2-3 50 
-90 92 

93 64 
61 47 
87 90 
90 98 

18 I 
19 I 

L SJIJ in one part of plant, 2 Spm in other part 
11 I I 1:: 2; 45 32 

Tiller 132 130 
2 Spm in two parts of a plant 

7 I 27 :: 100 Tiller 20 59 69: 

75 467 

408 
379 
119 DfJMe%%S 

0 270 
0 2 113 
1 8 118 
6 9 187 

250 
94 

365 

345 
365 
277 
219 
lb2 

374 
325 
212 
374 
367 

182 
403 

239 
172 
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Number and location of Spm in - erived from/kernels on 
testcross ear ofi&e Ipain stcllk 'of plant 6666C-2 

Table 48 
the variegated, x class oj 

Plant Number 
in culture 
6869 

Phenotype of 9 !I&-1 
4 

carrying 
kernels on tes cross ears 

Pale Variegated 
Y Y, 

112 35 
188 89 
145 87 
130 72 
107 102 
109 92 

35 41 
76 63 

69 58 

Y 
1 SJIU, linked with Y - 

1 66 
3 98 
4 81 
5 45 
6 84 
7 93 

1 Spm, not linked with Y 
2 52 
8 74 

2Spm,neither linked with 
Y, L g- 36 

z. 
109 
157 
103 
137 
136 
107 

42 
~434 

38 

Total 

322 
532 
416 
384 
429 
401 

170 
297 

201 



Table 49 

Spm constitution in progeny of plant 6665G-16 derived from the 

Y, variegated class of kernels on its testcross ear. 

Culture Number 

6866 (7 plants) 
6866-2 
6866-5 

Phenotypes of kernels on test 
cross exr 

Pale Vxiegated 

z ZL x x 
581 713 628 543 

51 '. 7x 170 175 
16 15 95 110 

Totals 

2466 
467 
236 



Table 50 

The Spm constitution in the progeny of plant 6665G-21. 
Plants in culture 6863 were derived from the 2 class of kernels on the 
self-pollinated ear of a tiller of plant 66656-12. Plants in 
culture 6869 were derived from thg,variegated class of kernels on the 
testcross ear of plant 6665G-21, 

ti~+W% iUtibPi,'nt gy,& ;jy&jt-& T..&;i;'iSe 

6863-1, -2, -4, -6 
6863-7 
6863-3, -9 

Phenotypes of kernels on 
testcross ears 

Pale Variegated 

2 z x ,Y 
477 500 455 462 
199 0 169 0 

3 4 259 281 

6867 (15 plants) 1536 1664 1544 1654 6398 
6867-g 68 92 82 61 303 
6867-18 82 75 203 201 561 

Total 

1894 
368 
547 



Table 51 

Spm constitution in progeny derived from thez, variegated class of 
kernels on ear of the main stalk of plant 66653-10 (culture 6864) and 
from the ear of a tiller of this plant (culture 6865) 

Culture Number Phenotypes of kernels on 
testcross e2r 
Pale 

JL Total 

I Spm, not linked 
with x 

6864 (11 plants) 1075 
6865 (12 pl-nts) 1023 

1113 
1052 

1045 
979 

4269 
4080 

2 Spm, mither 
linti6.2 with y 

1-- .- 6Wk-7 -- ‘- -- 

. . __ 686.W 

6EI65-1 
6865-12 

66 
51 
68 
39 

80 
29 
54 
$0 

Variegated 
IL x 

1036 
1026 

146 
150 
165 
113 

146 
193 
17; 
121 

438 
428 _ 
463 
313 

29x3 one linked 
bith L 
6&3-,:j 

w-3 

2n Spm, one linked w 

--7 

ith x 

i60 1 1-l LI 



Table 52 

Proportion of pale colored to variegated k,rnels on the testcross 
ears produced b;y the Pr/Pr plants in culture 6683 and 6685 - 
entered in 1, 2, and 3 of figlrre 3 

Spm Constitution Number of Number of Phenotypes of a mm1 
plants Testcross carrying k,rnel -23 

E 'rs Pale Variegated Total 

5 651. 1338 

2 linked Spm 5 7 694 1030 1734 

3Spm 1 3 170 593 763 



Table 53 

Phenotypes of kernels on testcross ears produced by plants 

enterc;d in 4 to 7 of figure 3 

SJXJ constitution Number of Number of Phenotyses of a 
Plants Testcross -r carrying kernel 

Ears Pale Variegated .--_.-.-._--- 
Pr - pr --Pr pr 

2 + +/E Spm Spm 16 20 1410 336 996 2018 

2 2 230 95 238 

4760 

Pr +/pr Spm plus 
i-non-linked Spm 1 1 89 26 180 224 

2 +/ET Spm 
6683D-2 tiller ear* X 
6683D-3 ? 
66833-8 k 
6685F-3 lr 
6685F-4 b 
6685G-3 6 
6685H-5 ;z 
6685H-10 A 

92 13 19 90 214 17 
96 33 32 52 213 78 

195 69 74 193 531 37 
275 91 67 214 6&7 ‘2 7 

90 33 28 96 247 23.. 
80 31 23 70 204 24 

176 41 115 332 ?6 
101 29 61 191 32 

Pr/pr;lSpm 
6685H-24 1 1 85 122 100 109 416 

* 
45 pale-colored kernels in a "No Spm" sector on this ear were excluded from 

the table. 



Table 54 

Phenotypes of kernels on testcross ears produced by plants 

entered in figure 4 

Spm Consitution m-l Number of Number of phenotypes of sl- carrying 
Plants Testcross Kernels 

Ears Pale Variegated 
Pr pr .-Pr pr Total - 

PrSpm/pr+ i ',. 

EarSof,6684D-1 a- 50 90 91 48 279 
Pollen of main 
stalk,6684D-1 2 80 188 1'.4 46 428 
Pollen of tiller, 
6684D-1 6 128 228 208 107 671 

Pr Spm Spm/E + + 
6684D-2,Ear on main stalk 

II ",Ear of tiller 
6684D-3 1 
66843-5 1 
6684E-6 1 

pr/pr; 2 linked Spm 
6684A 1 
6684X-8 1 
6684E-9 1 
6684-E-11 1 

pr/pr;lSpm 
6684E-2 
6684E-3 
66843-4 
6684E-12 
6684E-13 
66853-15 

11 62 81 29 183 
22 73 93 34 222 

5 43 54 22 124 
140 134 56 330 
161 141 54 356 

83 106 189 
155 234 389 
116 248 364 
151 222 373 

246 235 481 
145 162 307 
134 140 274 
159 163 322 
233 222 455 
192 218 410 



Table 55 

Spm constitution #JY Pr/pr progeny of tiller of plant 6683D-2 \ i._l d 

Plant Number a Constitution Number of Phenotype of a p1-l 
in culture Ears carrying kerne s on -3 
6878 ears 

Pale 
Pr - pr 

A-3, Ears Pr/pr;lSpm 

A-4,Ears PrJpr;lSpm 
poll en II II II 11 

B-2, Ears Pr/pr; 1 Spm 
poll en rt II 0 It 

B-3, 
B 

st ear, 
ain stalk 

gr/pr; 1 Spm 

2nd ear, II I? tt 11 
main stalk 
Tiller ear Pr/pr; 2 Spm 

B-4, Ears Pr/pr;lSpm 2 140 131 117 

B-l, Ear main Pr/pr; 2 
stalk linked Spm 
Tiller cap Pr/pr; (LSJIJ) 
'Qeficiency in z clasg 

61 129 
73 124 

393 140 143 676 

490 195 221 906 
213 79 92 384 

152 145 120 123 540 
406 72 105 583 

51 51 43 44 190 

35 17 17 69 

25 23 78 78 204 

100 101 

70 40 

Variegated 
D-*. * pr 

99 40 
106 31 

137 

61 

117 

149 

39 

Total 

329 
334 

505 

487 

310 



Table 56 

Spm constitution and locat ion in progeny of p llant 6685F-3 

m-l Plant Number and Number of Phenotypes of +- carrying 
Conctitution Ears kernels on ear 

Pr+/z Spm -' 
6685F-3, tiller ear 

PrSpm/pr+ - 

6882A-4 1 
6882A-5 f 
668&I-7 1 
6882B-3 1 

Pr/pr;lSpm 
68828-2 1 
6f382A-3 1 
6882A-6 1 
6882B-1, pollen 3 

- Pr/pr; 4 Spm 

6882A-2,Ear on main stalk 
Tiller ear 

Yale Variegated . ...1 - r... ."_-.-.- .-.. ~.. - 
Pr pr Pr - - pr 

87 30 21 74 

55 201 177 44 477 20 
40 166 160 26 392 14 
45 143 139 31 358 18 

9 40 34 12 95 24 

82 83 94 92 351 
154 141 88 93 476 

85 66 66 69 286 
185 171 134 152 642 

15 14 235 246 510 
9 50 54 113 

Percent of 
Recombinants 
in variegated 

Totals class 

213 22 

Pr/pr; No Spm 
6882B-2 



Table 57 

Spm constitution and loc,tion in progeny of plant 6685G-2 

Plant fiumber and 
Spm Constitution 

Parent Plant 

Pr Spm/Pr + - - 
6685G-2 
Progeny, 
Culture 6875 
Prmnr+ - 
A-4 
A-5 
B-3 
B-4* 
B-5+ 
B-10 

A-l 
A-2 
A-3 
A-6 
A-7 
B-6 
B-7, Tiller ear 
B-12 
B-13 

m-l Number of Phenotypes of a,- carrying 
Ears kernels on ear& 

Yale Variegated 
Pr - pr 

1 132 0 

1 
1 

Totals 

75 296 
39 165 
81 277 
77 345 

109 335 
53 228 

191 
264 
184 
266 
253 
207 

93 
167 
173 

3878 
Pr am/E f; plus 1 a, - 
B-9 1 49 105 209 148 511 
B-7, Ear of main stalk 128 132 87 347 

Pr/pr;lSpm 
B-8 1 

Yr - 

137 

281 114 132 527 

pr 

Perceht 
Totals Recombinants 

in variegated 
class 

0 269 

274 70 715 20 
170 37 411 18 
2?8 49 635 18 
305 69 796 18 
334 126 904 27 
201 64 546 24 

160 26 377 14 
177 49 490 21 
126 70 340 19 
230 44 540 16 
202 60 515 23 
173 42 422 19.5 

69 11 173 13.6 
160 33 360 17 
J-32 46 351 26 

2941 756 7575 20.4 

Pr/pr; Inactive Spm, location not determined - 
B-l, B-2, B-11 -. 
* 

On the second ear of the main stalk there was a sector at the base of the ear 
in which all kernels were pale colored in the upper part and in which variegated 
kernels appeared in the lower part, 
Pr and pr caasses. 

these being distributed equally between the 
The kernels within this twin sector were excluded from the 

$ 
ata given for this ear. 

Wmr~aY~SC8~.8~~~. Or %PT~ ke$ne g $$rih&x@sd8& $&mt&esa& gk+$!& ?b?? %&rze&&. 2 e m' ddi * 



Table 58 

Spm constitution and location in progeny of :jl,;nt 6684D-1. 
received fro'mitiiier of plant 6684D-1. 

SJIJ 
Only one testcross ear obtained 

from each progeny plant. 

&pm %mber and location Phenotypes 

in plants of cultures kernels on 

6680 and 6681 Pale 
Pr 

zSpm/pr+ 

6880-l 
II -3 
II -4 
t1 -5 
'1 -6 

I1 -7 
I1 -8 
11 -10 
11 -11 

Totals 

pr 

6881-1 
If -3 
" -4 
II -6 
II -7 
II -8 
11 -9 
II -10 

Tot3ls 
PrJpr;lSpm 
6880-2 
6881-2 

Pr/pr;3Spm 
6881-5 

57 148 137 53 
40 114 120 23 
57 125 121 52 
53 192 172 58 
41 131 118 23 
75 161 166 73 
40 169 142 30 
26 63 69 17 
32 71 96 37 

421 1174 1141 366 

198 106 48 
175 95 34 

58 42 26 
125 59 26 

77 45 21 
197 117 45 
201 117 37 

58 35 14 
1089 616 251 

67 
234 

31 36 167 

73 

m-l of a - -1 carrying 
tes%cross ears 

Variegated 
Pr - pr 

71 
98 

77 
99 

176 

Percent 
Becombinants 
amcng Variegated 
class of kernels 

Total 

395 23 
297 16 
355 30 
475 25 
313 16 
475 30 
381 17 
175 20 
236 25 

3102 24.2 

352 31 
304 26 
126 38 
210 31 
143 32 
359 28 
355 24 
107 28 

1956 28.0 

288 
431 

410 

No spI1! 
6880-g 



Table 59 

& constitution and location in progeny derived from self-pollinated 
ear of tiller of plant 6684D-1 

Spm Constitution Phenotypes of 
and Location kernels on 

pale Variegated 
Pr - pr 

=arent Plant 
+ Pr$pm/E 

6684D-1, ear of 
tiller, self-poll. 38 32 

progeny, Culture 6879 
PrSpm/pr+ 
6879-3 51 73 

II -4 13 36 
1! -16 14 25 
II -7 170 
II -18 I47 

Pr +/E Spm Totals 529 
- 
6879-20 73 52 

11 -13 138 
'Pr/pr; 2* (allelic positions ?> 
687zt--ikEar, main 

,- 13 24 
Tiller ear 5 12 

6879-19 32 32 

Pr/pr; l Spm 

6879-5 27 18 
I! -10 202 

/ Pr 2; 1Spm 
6879-6 

11 -12* 
184 127 311 

59 40 99 

Pr - Ix 

Percent of 
Hecombinants 
in Vari.eg:lted 
class of kernels- 

Total 

142 28 240 

77 49 
53 16 
24 7 
88 55 
94 28 

336 155 

32 66 
46 79 

250 34 
118 23 

70 22 
313 38 
269 27 

1020 31.5 

223 33 
263 35 

132 130 299 
73 76 166 

100 70 234 

19 17 81 
88 81 371 

Pr/r)r; 2 SJJ (allelic positions ?) 
6879-l 35 257 

II -14 93 249 

No Spm 
6879-9 
* 

Spm was Lnactive in a few kernels on this ear. 

292 
342 



Table 60 

SJIJ number in progeny of plants having either 1 or 2 or 3 non-linked 

Spm e)ements in them. The SJIJ number given in this t*:ble is that which 

was present in the part of a plant that produced the first ear on the 

main stalk. Only those progenies that were grown in the summers of 

1952 to 1955 are included. 

Number of Spm Number of Plants in Progeny 

in Parent Plant having 1, 2, or 3 Spm Elements 

1Spm 

2Spm 

3Spm 

1Spm 2Spm 3 or more Spm Total 

285 22 6 313 

89 28 11 128 

36 31 26 93 



Ear I, main ~3.1 k,ul*1 
B 'ollen 

Ears I and II, mz!in 
ctalk,!'"btil! er ear 

Sar I, 
I 

main stnlk,-:AS 
ears of tlnrf3 t?lleA 

Ears I an? JI, main st:Alj 
and ?ol.len 

Ear I, main stalk, 
ear of $il.l-er2 and 
pollen 

E,tr I, main stslk, 
e2rs from two til.lers, 

,,A. pollen 

Totals 

!Ypm 

6 

45 

13 

3 

9 

1. 

8 

1 

86 

? * 

5 

18 

7 

4. 

1 

1 

32 

3 or Par? SW -.-- 

0 I 7 

5 58 

16 

8 

11 

-I ? 35 

OnS@ pl lnts grown iyl, the summers of 195&.&A 1955 are 'rcluded in this 
table. 



Table 62 

Non-correspondence of "pm nu~nbe~r,,in different parts of a plant. Only 

Chose plants that were grown in the summers of 1952 to 1955 a-e i.ncluded 

in the table. Parts of plants in which Spm was absent,or in which it was 

absent in a segment within the part tested,are also etiuded from the table, 

Plant Number 

6452-3 

6453-9 

6676B-7 

6684P-1 

6872-2 

6874B-3 

6874B-10 

6875B-7 

6876-8 

687$B-1 

687%3 

Part of Plant Tested 
S m Number in 
37 

3 m Number in 
Vain Stalk -?i- 

SQm Number in 
iller Second Tiller 

3 2 

2 2 3 

2 1 

2 1 

2 1 

1 2 

3 2 

2 1 

1 2 

2 1 

1 2 



Table 63 '- I ., _ 

lhenotypes of kernels appearing on testcross ears of,,plants in culture 6888 that were derived 

from uniformly pale colored kernels on ear of plant 6683B-2. Pollen parent 

cross was homozygous for al and sh, and carried 1 active 3pm. 

used in making 

Constitution Number of 
of Plant in Plants 
Culture 6888 

Pale S& 
Phenotypes of kernels on ear _ 

Variegated a2 Colorless 
1 or several Sh, %,ny Spots of Ll 

in colorless 
background 

spots of Al 
in colorless 
background 

6.. 

t1- m-1s&2/Q%h2 2 

Z&l-- m-1s&2/Eil sh2 5 

419 

596 

471 

597 

1 

1 

0 

1 

coT6sess 
‘.e* Totals 

0 891 

1142 2337 



Table 64 
Phenotypes of kernels appearing on ears of plants in culture 6888.that were derived from kernels 
on ear of pl::nt 6683%2 ths t had only 1 or several dots of Al in a colorless background. The 
pollen parent used in making the cross was homozygous for sl, a2, and pr and had 1 active a. 
C%ua Ftry8l.e 5; 

Constitution of No, of . Fhenotgpes of kernels on-Ear .-_- -.-_-- 
Plants in Plants 1.1 '_a_L.eA- Variegated a3 _ _,,_ __ Colorless Colorless ___,". ._.. - _._. - _ 
duibture 6888Ca Pr - pr Many Spots of Al 1 or sevx 222 Sh2 

All were Pr/pr 
in colorless Spots of A, 
background in colorless 

background 

$- m-1sh2/Q%h2 2 
II !I 1 

Pr - pr Pr - pr - 

75 102 170 177 97 56 31 
91 131 118 52 43 49 

:. 
101' 169 283 256 163 67 ;!a-' 36 

0 
0 

1033* 

Totals 

708 
484 

2103 

*1 n addition, there were 3 sh2 kernels with many sDots of Al in a colorless background. 



Table 65 

Location of &-7r\r in progeny of plants in culture 6888 as judged 
by kernel. phenolxpes appearing on testcross ezrs each produced. The 

m-1 ,:ollen paTent tised to make $ach cross was homozygous for s,- , z,, c-:nd 
pr and it had no Spm. (St,-:te 571i)B-I'orAstati 5718) 

Constitution Number 
of Tested of 

Plants Ears 

Phenotypes of kernels on Ear I_. 
Pale Colored 1 or several Colorless 

%l~~~~s?back- 
ground 

Pr - pr p’ pr Total 
Pr Spm-wJE + -- 

Culture: 
'7262C, D 5 
7263C, D 5 
7264B 9 

Totzls 19 

206 769 437 116 390 1918 .'* t 
298 782 403 138 457 2078 -*a 
431 1207 702 232 602 3174 ': .; ,cI- 
935 2758 1542 486 1449 7170 j.':,? 

Pr +/pr Spm-w 
Culture: 
72633 3 

Pr/pr; 1 Spm-w 
Culture: 
7263C 2 

/ Pr Pr; 1 Spm-2 
Culture: 
7263C 2 

C;r Spm-w/z + 
Delayed t$me of 
activation of Spm 
IBihbnt 7264B-6 1 

In.active‘ Spm-cbT -- 

475 203 124 229 323 1354 - : 4 . 

170 166 76 88 192 692 

284 -- 143 -- 143 569 

142 154 30 8 
60 25 

85 4-19 
85 

'Total 504 



Table 66 

Phenotypes of kernels on testcross ears of "No a-w" plants in figure 7. 

Phenotype of kernel 
Uniformly Yale 

Plant Number pigmented ---- -. _.____ 
V 
I 

y +b Spm-g : 
7262B-4 169 

7263&l* 9 
11 A-4 124 
11 A-5 67 
" .A-6(esr I) 166 
II II II ( H II) 87 
(t A-7 149 

Totals for plants in 
Culture 7263 602 

y +/x Spm-2 plus 1 *-2: 
7263A-$ 135 

y +/y: Spm-2 plus 2 Spm-2 : 
7262B-2 51 

Jyx; 1 Spm-2 : 
7263B-3 

I B-6 
” B-9 

me 
-- 
-- 

&lx; 2 Spm-2 : 
7263B-2 -- 

3c 
Ear w:2s partially sterile. 

x x Total 

6 3 225 403 

13 6 
24 18 
16 8 
55 ';7 
27 17 
59 44 

48 
289 
151 
430 
231 x 

389 

194 130 

20 
123 

60 

172 
100 
137 

612 i53a 

28 81 194 438 

3 152 193 399 

159 
206 
1.05 

162 321 
204 410 

85 190 

I-07 

-- 
SW 
-- 

-- 297 404 

Many A Spots in 
Colorless background 

1 
CL 

One,&Lrnel on ear had on:y few $dots in colorless background. 



Table 67 
Phenotypes of kernels appearing on tentcro,-.s exrs of plants in 1, a?Td 2. of figure 7 under 

heading "SJIJ-~ present". 

Phenot;>rpe of kernel with Regard to 
m-l 

.1- action: Plant 
=ale color (no Ynm-s,no Szm-w) Number -- -- 

7262B-1 
" B-3 
tt B-5 

726314-8 
Totals 

726X-2 
Many A spots in colorless 
backg?&und (SJIJ-s- present) 

7262B-1 
" B-3 
tt B-5 

726312-8 
Tottls 

7263A-2 
One or several A dots in 
colorless backgr und -a 
(Spm-w, no ,Spm-s) 7262%1 

" 3-3 
'I B-5 

7263A-8 
TottYls 

7263A-2 

Pr Y 13r Y -- -- PI- x - p”y. Totals 

28 51. 0 3 82 
20 41 0 2 63 
18 54 2 2 76 

32 54 7 5 98 

98 200 9 12 319 
42 37 79 

9 6 74 92 181 
0 5 74 66 145 
3 4 102 82 228 
4 4 110 102 220 

16 19 360 342 737 
30 45 48 97 153 

56 24 2 1 83 
41 15 4 2 62 
62 1.1 1. 3 77 
53 19 4 3 79 

212 69 11 9 301 
20 5 11 5 41 



Colorless; no Al dots - 
(k-w, no Spm-5) 7262B-1 18 

u B-3 3 
tt B-5 21 

7263k-8 14 
Totals 56 

7263A-2 19 

1 19 
0 3 
0 21 
4 18 
5 61 

18 37 

Tot31 nrxmSer of Kernels: 
1728 

Summzies of plants 7262B-1, B-3, B-5 and 7263-i-8: 

737 Spm-2 (376Pr : 361 pr; 35 x : 702 x) - 
362 w-w; no Spm-2 (223 Pr : 78 pr; 337 x : 25 y) - 
319 no Spm-2, no =-w (107 Pr : 212 pr; 298 x : 21 x) - 

29,8 $ recombinati,)n between Yr and d-w - 
507 $ recombinati~~n between x and Spm-g 



Table 68 
Phenotypes of kernels appearing on testcross e'irs of Flant in 3 and 4 of 

figure 7 under heading "Spm-w present". 

Phenot,;ce of kernel 
Many iz dots in 
colorT&as back- 
ground 

P? 
- -. I -_- 

- pr 

1 or several X 
-25 

Color- 
dots in colorl,ss less 
backD-round ;3 . 

Pr- - 2z Plant Number 
7263B-1 

rart of ear 
with Spm-s 
Part of ear 

wit@ no 8pm-s 

7263h-:t 

'/';-63%8 
Tot: Is 

72d3B-7 20 51 183 217 30 11 20 5,2 

Pale 

.-. .- .,_- ---. 

3r - pr 

29 

69 0 0 52 2 2i 144 

1’1 3c 

17 42 
204 kale 

20 20 

/’ 7 13 44 

52 58 29 9 21 228 
117 122 107 25 52 627 

10 5 7 

16 s 3 

Totsls 

91 

iU+ 



Table 69 

?henotypes of kernels appe ring on ears of plC-tnts that ;qere homool',y,~o~~s for 
m-1 state 571g:1-1 $- and were Pr ::Pm-d~ +Jwhen crossed by pl-:.nts 

-m-l homozyyous for s-t-te 5719A-1 sl- and E that i:xd no S~rn j.n them, 

Phenotype of Kernel. 

plant #umber 
of Female 

Pale 
Colored 

p*:rent in Zross Pr - 
7 347.":.- 2 46 

7347A-3,tiller-1 53 
I' II -2 36 

73471-4,tiller-1 43 
I1 II -2 25 

73481i-1,main e‘?r 37 
'I tiller e"r 51 

Totrtls 291 

pr 

13.0 

Pr 

751 

I?& 
50 

I'otsl 

?8g 

125 90 43 11 322 
66 65 33 3 209 

63 66 23 6 201 
44 40 19 3 131 

47 
95 

550 

35 I. 7 29 165 
89 32 21 2'38 

464 323 77 1695 

!Jolorless 

No Evidence of Snm: 841 34.6% are recombir*xtts 
Spm present: 764 -- 32.4% among vzriegsted class are recombinants 

*The number of Al spots tin most k-:rnels was low, being only 1 or several, 
tin the etr of plcint 7347,"1-2 one kernel apr;e.ired with and =jpm-s type 
vtriegCation p,attern, and another kcmel th:tt h:id ncr?rly as rns?ny dots ,,f A 

within them -1 l 

klso, therewore sever‘+,1 k .~*rel~s that h,a.d sectors ,in which many dots of & -1 
appe Fed. 



homl;zyO 3ud fbr a -1 and 

(Part 11). 

Plant Number Position 
in Glture of Ear 
753CA on Plant 

; -- 

h-iving no Spm (r,zt I) or in which 1 Spm-2 was present 

First ear, 7510-14 
main stalk 

A-2 Second ear, 
ma.i-n stzlk 7510-14 

A-4 First ear, 
mzin stalk 7532%4 

lart II 
A-l 

A-2 
A-7 

11 

.A -5 

II 

Second ear, 
main strllk 7532D-6 

fl I D-l 
First ear, 
main s;,Tlk (1 D-2 
Tiller ear (t D-6 
First ear, 
main stalk " D-l 
Second ear, 
main stalk It D-6 

'rotals 69’3 359 Tl.8 

%~'st?te 5719A-i kernels had many 
.\ 

178 0 

491 0 

549 0 

109 68 45 
92 ‘37 37 

261 137 129 
10 10 8 

135 61 65 

86 50 38 

kl dots (see photo. 

0 
Total 

178 

0 491 

0 549 

232 
158 

527 
?8 

?61 

174 

137C 

Lcr4J4 
). ” &3~ state 

5700A, the number of A, dots in a kernel. WW f.:r in excess of th& under 
heading 5719A-1 (see ihoto ). 2 

h &..yr.& 



T.-Lble 71 in culture 7530B 
Phenot;:,Tn, s of kcrne-Ls anpexring on e.,rs of ?-~I.;~,n.s/th t were a, - m-l (state 5700A)/ 

m-l -1 
'21- (state 5719A-11, Br +/nr - Snrn-w in constitution produced by cross with plmts I--- 

homozy?ous for sl and having no jpm, 

plant l'umber Position 
in Culture of Ear 
7530B in Plant 

1 First ear, 
main stalk 

II Tiller 
2 First e::r, 

main stalk 
II Second ear, 

m:Ln stalk 
3 First ear, 

main s-ialk 
4 II 

5 11 

Totals 1264 659 579 

Ehenotype of Aernel 

Pale colored ivlany f$ spots in 1 or several Al colorless 
colorless backgroud spots in color- 
(state 57008) less background 

(state 571S)A-1) 

243 122 101 
150 103 69 

244 108 123 I1 486 

35 28 17 0 80 

253 1.44 112 17 526 
74 39 38 8 15q 

265 115 119 21 520 

33 -- 488 
11 373 

90 

1L’otal 

2592 



Table 72 

Kernel types on ears of plan-i;s in culture 7529 that were gl- m-1 (stxte 5700X) Sh?/ ~3,~~' (st;ite 
571gn-l\ B2> Pr i/E S~rn-w in consti - -- tution when crossed by plants hoxozyy^Sous for 2; and sh2 
and having no s'pm. pollen parent used in making cross to six of the ea-0s was homozygo~x for pr. 
Th$t used in making cross tc 7@ ear (first ear, main st?lk, plsnt 7529-4) was hornozy,~ous Pr. - 

Plant lqumber 
in Culture 
7529 

PSL& Jolored Small dotsor specks 1 or 2 dots or Colorless 
of &l(fromJ0 to maaaral specks of & (stte 
hundred) i\ colorless in colorless 5719A-1) 

4 9 Exrs I and 11 369 180 95 83 
5, ETr I 285 140 43 69 
3, Ears I and II 221 108 30 77 
2, Xar I 293 33 17 34 
1, Ear I 261 101 33 61 

Totals 1429 562 218 324 2533 

background (state bsck:round 
57008C (st -ate 571gA-1) 

'~otils, state 57191-2-l: 
542 

of kernels h.:vine Al dots in cqlorlee? backEr,>i:nd 

On e':re produced by cross k'ith plants th t we:'e pr/pr, 37.5~4; were Pr and 62.5% veye pr. - 

‘I’otzls 

727 
537 
436 
377 
456 



Part V . Origin and Behavior of ~~g-1 

In the progeny derived from self-pollination of a plant that had 

undergone the chromosome type of breakage-fusion-bridge cycle in early 

development, an unstable expression of a gene concerned with chlorophyll 

develbpment appe :red. The locus responsible for this was designated 
.&,i;iz (4&m * 

luteus-mutable although the location of it was not known. tiring the earl: 
4 

study of lum, a number of sister plants carrying it were self-pollinated. 

Some of these plants were C/c in constitution and a ratio of three fully 

pigmented to one colorless kernel was expected to appe:lr on their etzs. 

This ratio was found among the kernels on ears of all but one of these 

plants. On the ear of the exceptional plant, plant number 3908-5, in 

addition to fully pigmented and colorless kernels there were some kernels 

that had spots of deep anthocyanin pigmentation in a colorless background EH 

and the pigment type in them suggested that a gene locus resembling either 

Al or A2 in action was responsible for this. On this esrdthere were 

214 fully pigmented kernels, 105 totally colorless kernels,and 35 kernels 

that had pigmented spots in a colorless background. The pattern of 

variegation among the la,ter kernels was not alike. The majority of them 

had some large are:18 of deep pigmentation and a number of smaller spots of 

this. Some kernels, however, had only small spots of deep pigmentation 

and among them, the num‘2er of spots was not the same. 



2 

The following winter, five plants were grown from the variegated 

kernels on the ear just described under culture number 40624 and four 

plants were grown from the colorless kernels under 4062B. Four of the 

five plants in 4062A were self-pollinated, crossed to plants homozygous 

for c, and to plants carrying other gene markers. Simil r tests were 
three of the four culture 

conducted with,* plants in B of,4062. On the self-pollin;ted er of their 

the plants in 4062B, all kernels were totally colorless. Two of these 

plants were C/C and axe was C/c. Among the four tested plants in 

4062A, derived from variegated kernels, three were C/C and one was C/c 

(plant 40628-l), The types of kernels that appeared on the self-pollinate1 

ears of these plants are given in table 1. Fully pigmented kerrds, 

W.&H variegated kernels and colorless kernels appecired on all ears. 

These kernel t,::pes suggested that the gene responsible for instability of 

expression of anthocyanin pigmentation was undergoing mutation to give 

either a fz&kg full expression of the gene or a null expression of it. 

The following summer, plants were grown from more of the variegated 

kernels on the ear of plant 3908-5 and also from kernels on the ears 

produced by crosses of plants 4062A-3 and A-4 and 4062B-1. The 

variegated kernels were graded according to the pattern of pigmented spots 

W, from those that had a number of large pigmented areas to those 



dkd ha& only a few small pigmented spots, The plants derived from the 

variegated kernels were themselves variegated. Note was taken of the 

type of tlTLis in each plant. It was obvious from tnese observations that 

some component was controlling the pattern of mutation and that this XXX 

component was undergoing change during plant development. Cle rly 

defined sectors appeared in these plants in whi& the rate of mutation 

was distinctive, each sector exhibiting one particular type of this. 

p&d 
The differences were expressed in number of EI~&~LI& streaks hf 

and 
in a non-pigmented background,,in the size of these streaks. These 

plants were tested in various ways including crosses with plants 

derived from the totally colorless kernels on the self-pollinated ear of 

ard 
plant 4062B-1 and to plants homozygsous for the stand,recessives of 81 

in chrcjmosome 3, a2 in chromosome 5, and a3 in chromosome 10; These 

tests revealed that the locus responsible for the variegation expression 

was A 2 in chromcjsome 5. Some change 

cell of a plant carrying lum, and this 

had occurred at this locus in a 

was responsible for the subsequent 

lhnstable expression of iWn A2. The modified locus was therefore 

m-l given the designation z2- . 

Study of a2 m-l was continued for several more growing seasons but 
).‘f:- i yr: : 

from the tests of it that were made, no clear interpretation of-&s-mode 



4 

of the mode of operation of the system responsible for control of its 

expression. During this period, the kernel carrying a1 m-l appe.ared on an 

ear of a plant in these a m-l 
2 cultures. Examination of its behavior, 

outlined in sections 2 M 5 and 5, made evident the system that was 
1 

responsible for co~rol of its expression. Realizing that al m-1 had 

arisen in a plant in which the a2 m-l system was operating and that it 

was possible that both al m-l and a2m-1 might be controlled by the same 

system, study of a2 m-1 was recommenced in the summer of 19550 Evidence 

e m-l /$ 
obtained during the) summer w made it clear that a 2 also was * 

r*i&& 4~i\p-I~ $- 
controlled by 5+-"~-etv a Suppressor-mutatorqbut thi& Spm w:s 

4 

behaving in a manner distinctly different from B& the Spm element in the 

a1 
m-l cultures. H&UHZZX, Come of the crosses made during the summer of 

j&&$m#, 
1955 indicated that a2m-1 m-l 

;t 
would respond to the Spm element " the al 

+ 

cultures in the same manner that a1 m-l responds to it. Tests were then 

commenced to establish the common type of response of a1 m-l and a2 m-l 

to th&Spm elementa CIXZ&FM and the 

evidence of this is reviewed in detail in part VI of this report, 

There is no longer any doubt that both aim" and a2 mpl belong within the 

same Suppressor-mutator system, 

this system was not &z&i in 

The question arises, then as to why 

the earlier study of a2m-1, There were 
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two main reasons for failure to recognize this. One of them involves 

cyclically 3fiPmxxiargchange3in ph:se of action of Spm which wuae occurring 

in the a2 m-l at times during development of the plant that obscured 

the 
recognition of 2~ presence.of Spm. The other was the appearance of a 

state of a2 m-l that di.Cfered from all other isolated states, either of 

"1 
m-l or of a2 m-l . It gives rise in both plant and kernel to v'-triegated 

patterns of anthocyanin pigmentation but in contrast to other states, 

these do no result from mutation at a2 m-l . When attention was directed 

to the lossible control of a2m-1 by an Spm element, and thus, when tests to 

determine this were conducted, the nature of this state was quickly 

revealed. %bsequently, it proved to be a most important state for 

examining the cyclically occurring changes in phase of activity of Spm. 

The early tests of a2 m-l behavior and some of those conducted in 

1955 and Uter will not be reviewed here. Mevertheless, all of them 

have been useful in interpreting a2 m-l behavior in one way or another. 

Many of them illustrate change in phase of activity of Spm but until 

this behavior was recognized, the tests with a2m-1 lacked the preciseness 

that is required to establish this. Therefore, in this section, only 

some select;:d tests of a2 m-l will be discussed, 



fart VII 

m-l Identity of System Controlling Expression of gl- and +g-l _I -..-.-.-. --...-_^-_.. --._- .- x. 

tiring the summer of 1955 when tests of of the behavior of a2 m-l 

were resumed, evidence was obtained indicating that an Spm-type element w 

was responsible for control of gene action at a2 m-l . As pointed out 
JT ,* 1 

in the last section, the expression of this Spm element was obscure 
n 

and this contrasted with the clearity of this in the a1 m-l cultures. 

However, several test crosses were made during the summer of 1955 

the result+ of which that the Spme element in the aim-1 
, . -. &&4&&J w, 0‘ _ pd./r 8 r: ; 

cultures wf3&M control'gene action at a2 m-l ,irr-B expressed a . 
k: :~~l~~w -b 

manner as it was do-in the A al m-l cultures. Tests were then 
7.‘) < ’ ) _ 

initiated to de&erm&ne&f this could-be demonstrated;- . 

(.i.J,,* -,I ..F’ . :. * ’ 
&ring the summer of 1949, a plant that was homozygous for a2 m-l 

had been crossed to one homozygous for the standard recessive, a*. 

On the ear this cross produced, there weremany uniformly pale colored . . 

-+hJ 4 
'5. , 

kernels and some variegated kernels showi+xg spots or specks of A2 in‘s 4 

colorless background. In 1950, some of the kernels on this ear were 

sown under culture number 5303,and those in 5303C were derived from 

pale colored kernels in which there were one or several colorless 

the 
areas within which specks of,A2 phenot,>pe were present. One plant 
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in culture 5303C, plant number & was variegated in that small streaks 

of the A2 phenot,,.pe appeared in a non-pigmented background. This 

plant was a2 m-lLa2 i n constitution. The first ear on the main stalk 

was self-pollinated. Among a total of 455 kernels this ear produced, 
4 

* Q.4. ;+ .; I 'it-& 
150 were uniformly pale colored, 195 were variegatedithe pattern of l&&s 

/jq ' ,/ij#.Q - rd. :_ v,, u( (il(iiz~.Q &dJ 

from one=#~t-&~~3 spots of A in a colorless background to 
,,.i,) --&I[ ,yi.' - 

;', ,' 2 p?,/~ v&f 
tiny specks of A2, either throughout the kernel or Hre&ricted-7 

i .n. 4 ‘-I 

colorless areas in an otherwise pale-colored kernel. In addition, 

there were 110 colorless kernels. An ear of a tiller of this plant 

was used in a cross with a plant homozygous for a2. This ear was 

sectorial with regard to the expression &-a m-l 
2 l 

Nearly all the 
z i 

m-l 
, '?.O -_ '< 

a2 I kern&l> within a well defined sect&r,extending a distance of < ,h. 
. :,r' 

about 2/3& of the ear and covering several rows>were uniformly pale -3 
,k .; ‘. e; 

colored. Only 3 kernels within this secdror were variegated. *hey had‘: 
<- 
i 

tiny specks of the A2 phenotype in a colorless background. 4 On the . .;. 
> ‘, I ',.I ' ,;l)-?jl,' J,'n,; *_ 

rest of this ear, the a2m-1. kernels segregated in a 1 : 1 ratio G#S- t 3 
jp$& :., ? J P. 

,-!A- 
ok; ,:@ * 

uniformly pale colored $,Wvariegated. Among the vzrie@ed kernels, .? .4 n 

background in some kernels to specks of this in other kern&s. i Po&len 
4 

of plant 5303C-3 wqs pl,iced on the silks of a,p an n ear ?f i: omozygous for a2, 



Among the a2m-1 
q,. it. I(' 1y 

carrying kernels on the resulting ear, a ratio sf 
4 

1 uniformly pale colored kernel to 1 variegated kernels appeared and 
among the kernels in the driegated class 

the patterns of variegation,were similar to those of the reciprocal 

cross, just described. Kernels from this ear were sown in the summer 

of 1955 under culture number 6908. Tests conducted with one plant 

in this culture will be described. 

Plant 6903A-3 was derived from a pale colored kernel7 on the ear 

* 
mentioned above.. qkawegti-ia t-ma11 

': 

skwaJw -of--A~---~-appe~red-2n-a non-pigme&ed baakground. Pollen of this 

plant was placed on the silks of ears of three different plantsJeach 

homozygous for a2. Two of these three plants XICICE belonged to the 

regular a2 tester stock. The third had quite a different history. 

It was derived from a colorless kernel on an e-r produced by the 

cross of the the original plant carrying a1 m-l to a plant that had a2 

but was homozygous for Al. The original aim-' carrying plant was 
4 : ,.' ' \.+ I', ,:: ': P-c -1 ', y$&f 

al 
m-l /a,, %/a2 in constitution and it carried a number of Spm elements. 

;jig cAJy3-l /('/?-I !&. f LlyLo 
,- ! 

The colorless kernels on thi@ ear4should be a2/a2 and either Al/aim-' 

$,J r@J,y:l$ +wi w di fi,,&e 7i+i\33c 
or Al/al in constitutionJand ti should haxe WFHM& Spm elements.4u=S. 

wa, & d 
The plant ix~&G& the cross with plant 6903A-3 was w+e=J+e 

.q 

Al/ a1 9 as later tests showed. The types of kernels on the ears 
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ti 
with 

produced by crosses with theha tester plants and,this a2 plant were 

strikingly different. Among the 482 kernels on the ears produced by 

m-l 
!,‘,<? A” i c 

the former cross, all but 23 of the a2 
3 kernels were uniformly pale 

colored. of the 23 odd kernel$s, 11 were variegated for small specks 

of the A2 phenotpe in a colorless background and 12 were sectorial for 

such areas in an otherwise pale colored kernel. Among the 383 kernels 
( d.la;la, :ciuw) 

produced by the latter cross, 183 were totally colorless and 200 were 
? ' 4 . . '1 1 : 1 t ( 

ti'L $, ',,". 3 $1: ,$,, bd&gw-J *c t -5 . VQ ?‘. '. 
variegated 

A and the #@tern of ~~wasnsimilar,~ I. oi;!,t&u 

kernels gm--=-= 
- _ - . ...** S.p&s-oCtheA-2phenotype a$@eared In a 

colorless background (Photo. ). It was suspected that the Spm 
cl:! ,I ,,.",t f)'!' ,T?, gJ.J T,l;L(qd 3, i‘k? 1 :3 I yu^, [ ikq 

elements in the a2/a2 parent of this cross wfiresponsible for the 2: 
uniformly expressed 
variegated nynxln~~&~~~~mf%tx pattern in these kernels and that the&Spm 

elements ie were the same as those that control gene action at al m-l . 

Therefore, both MXIE variegated kernels and colorless kernels on this 

e7.r were sown in the summer of 1956 under culture number 7113 and tests 

1 
of the plants derived from &&were cotnmenced$in order to obtain 

evidence for the supposed identity of the system responsible for control 
n,,b' c 3 I-G ,, :"a yl )jf$ 

of a m-l 
A IL 

and a2m-1. 

Plants derived from variegated kernels on the ear just described 

were sown under culture numbers 7113A and 7113 B. Those derived from 



the colorless kernels were sown under 7113C and 7113D. A number of 

different types of test were conducted with the plants of culture 7113 
-r ,r, .,,',,.Z 2, c 

Included among them were crosses of the a2 m-1/a2,plants in A and B of 
1fl.d s\ \ ‘. 

culture 7113 to plants homozygous for a2 
&,dd! 

'derived from the tester stocks. 
A 4 

TWmants-~K~~AlTtiWn. The types of kernels 

appearing on the ears produced by these test crosses are entered in 

table 1. Some of the plants in culture 7113;' were also crossed by 

plants homozygous for al m-l (state 5718) and for A2 in which no Spm 

was present. This was done in order to determine the constitution 
-&Joi.FQ v 

of the plants in culture 7113 with respect to A, and also the presence 

in them of Spm elements capable of &n*+w a1 in the manner. 

%n balture 7113 
Some plants,proved to be A /A and others proved to be A /a 

i % 1 i* In all 

13 
d/-,-’ J-A 

..C * plants of the latter phenotype, one or more active Spm elements were 

d$J QQ -$.k*o b-c 
present as shown by the kernel* on Bars so produced, entered in table 2. 

4 A 1 4 
i l%kJC 

Comparison of ratios of uniformly pale kernels (no 3pm present) to 
/ 

w@ variegated kernels ( Spm present) for a2 m-l \" b 
and a 

m 1 ,&..sJJ cw y'.".: \ .hld 
- MLG eo-+d 

h 1 4 ,A 
'\ _ t 5.. r I i n 1 & 

be--m&i+ is summarized in table 3. 
!/JJ/ e y r/J&c 

C-M ratio*:c&Qq=es=A* 
i ' t-P 6, ',&I, !}fl ;>t\ JI'J'J " v. 

. 

In order to 
db 

evidence efSpm control of both a2 m-l and alma1 
J 

kernels were selected from ears of some of the crosses entered in table 2 
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and plants grown from them in the summer of 1957. These plants were 

tested in various ways& l-&ewAe-miM. The phenotypes of thee 

kernels that gave rise to the plants that were tested, as well as the 

number derived from each type-,are shown in table 2 along with the 1957 

culture number given to them. A description of these tests will commence 

with the plants in culture 7299,derived from the kernels on the ear produce 

by plant 7113C-5, table 2. From the ratio of pale colored to variegated 

kernels on this ear, it could be concluded that 7113C-5 carried one active 
:) I-" )., \ 1.. . i‘I'I‘G‘\_ ' $-? ‘J 

Spm element. All plants derived from kernels on this ear should be 
.ii “fi;] F.\~\;FH-J.$A 

/", 

al 
m-l /al 9 A2/a2 l Those derived from the uniformly pale colored kernels 

F 
should have no active Spm element in them whereas those derived from the 

variegated class of kernels should contain an active Spm element. All 

plants derived from the pale class of kernels were themselves uniformly 

pigmented, indicating the absence of an &ctive Spm element in them. 

All plants derived from the variegated kernels were variegated for 

small streaks of &he Al phenotype in a non-pigmented background, indicating 

the presence in them of an active Spm element. To test for the B 

0&+$!2: @3--*?&er the presence or the absence of & Spm element that 

controls gene action at a m-l 
a. , one or more ears of each plant were used in 

a cross with Al/Al plants that were either a2m-l/ a 
2 Or 9 

m-l /a m-l &i&l L 
2 
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in which no evidence of the presence of an Spm element was given either 

by the apperance of the plant:or by the 

ears produced by crosses of W them to a2/a2 &HI&-W plants. 
.I' 

these a2m-1 
&?iuc $4+-l ' 

Among 

ca -rying plants, ~&EEW different states,were represented,, 
-G,' 

One group of plants used as pollen parents in these crosses carried the 
,I., n fi I, *et; I,<!:? I' 

class If state of a m-l 
2 in one chromosome 5 and a2 in the homologue. 

A second group of plants carried a class I state of a2 m-l in one chromosome 

5 and a2 in the homologue. This state ps&m.mm gives early occurring 
- -,. f/iCC \b,,!lfr~. ‘2 

mutations to A2 or a2 in the presende of an active Spm element. *a 
#a, 

third group of Dlants carried this state of a2m-1 in one chromosome 5 and 

another class I state in the homologue. IF<4 
This latter state gives,many 

. , . : j/l *-- .' -. 
late occurring mutations to A2 in the presence of an active 3pm element : 4. 

,I+ I< ) '/ 'L ,p 
m-l 

", j:,, 
Thirty ears were obtained from crosses of these a sarrying plants; 

'T; 4 2 c;- ./ 'c r: .,.q? ( -_ 
to the 23 uniformly pigmented plants derived from the ear of plant 7113C-5: 

A .> i\ ; ,;- 
(table 2). On none of these ears did any variegated kernels appear. All$ 

-2 2 
the a2m-1/a2/a2 k ernels exhibited either a full A2 expression with the ,L I 

.,,. i ', 
class II state of a2 m-l or a uniformly pale pigmented phenotype with .,:L.X, 

y,jri"i -+ r,&*,l-f: 5 "t a .;g \I-!! A ' v p ! '. 
the class I states of a2 m-l 

"'f ',"“'q f/J:, J!p::% ..I .". . /? '&:, r,lC ff */:-. jlrr: .,I.,.- ‘"J.' ..Q . 
. 

4 
In crosses of these same tester plants to 

the 18 variegated plants in culture 7299, thirty ears were obtained. 

On all ears, variegated kernels appeared. The at*'/aL/aLkernels on 
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these ears were either uniformly pigmented or they were variegated for 

A2 spots in a colorless background and the ratio of these two classes of 

kernels approached 1 : 1 on the majority of ears. 
.‘I 

was contselled by aIf- Spm- e3rement--~~--~p2~. Lb 
-J~l.rr* I ( b L 

,t*nfthan n~Ltu~?e 729-9 supported the assumption that &k r. /t 

fully active Spm element in the al m-l cultures was capable of controlling 

gene action at a2 m-l and in the same manner that it does with a1 m-l , 
-?- 

,,Jt,;,,,:\~,~l: ‘J< *i:,.r:” ‘&I( 

&F@th th e class I st.:tes of a2 m-l this Spm induces mutation patterns 
!?I/ '[ 

that are quite consistent among the kernels cairying one particular stttte 
IQ+; 

>' 
of a2 m-l . e 

< 
ihe same types of test as those just described were cond-acted with $ 

6 
the progeny of plant 7113C-8 and 7113D-5, table 2. As shown In this 

table, the ratio of pale to variegated kernels on the ear produced by 

each of these two 

one active Spm element. '$%e results obtained from tests of the 43 
4 

progeny plants were similz to those just described/with the exception 

of two plants. The results obtained from tests of these two plants 

will be described shortly. Sixteen of the 17 plants derived from 

uniformly pale colored kernels were themselves uniformly :,igmented. On 

ears produced by these 16 plants in crosses with the a2 m-l tester plnats, 



%ns,>hese tests showed that the response of a1 m-l and a2 m-1 to the 

presence or absence of Spm in the same plant was alike. Those plants 

having an Spm capable of controlling gene action at a1 m-l likewise had 

an Spm capable of controlling gene action at a2 . m-l Gonversely, those 

plants that had no Spm to which al m-l would respond also had no Spm to 

which a2 m-l would respond. 



9 

no variegated kernels appeared. All,26 plants derived from variegated 

kernels were themselves variegated for streaks of the Al phenotrpe in a 

non-pigmented background. The ears produced by 25 of these plants in 

crosses with the a2 m-l tester plants indicated the presence in each of 
: I -: ' < 

one or more active Spm elements capable of controlling gene expression at 

m-l 
a2 l 

One fully active Spm element was present in 11 plants, two 

such elements were present in 8 plants and three or more were present in 
_%A '.‘~t.-,R 1;;:.*, 1 ‘/W 

6 plants, the number of Spm elements being w-bydthe ratio of 

uniformly pale colored kernels to variegated kernels among these that 
%I, 

were a n, 2m-1/a2/a2 in constitution. 

The two exceptional plants, mentioned above, are important for this 

GL 
study fe m the tests conducted with them and with their progeny 

serve to confirm the precise control of a1 m-l behaviop,, and in':' 

s:'> . d&k \n* 0 &fJefc jjJ\ &A *" 
and a2m-1 '> ._ 

td23 -manner Eer-each'ty ~par&zn3+5r tipm element. One of the < 3 
A \‘i 

% 
plants, 7470A, derived from a uniformly pigmented kernel on the & 

& 

ear of plant 7llP-5 (table 2))had an Splp with altered action. It ‘2- 

proved to be Spm-w that undergoes frequent but late oticuring changes to > 
,; 

Spm-a. The second exce-'tional plant, 7467-1, derived from a variegated : :x c! 

kernel on the ear produced by plant 7113C-8 (table 2), carried an Spm %:' "- 

. . element that was undergoing cyclical change w phase. The A 
types of test conducted with these two plants and with their progeny 
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will be considered at the end of this section. 

rlants 7113B-1 and B-Q), table 2, were Al/al, a2 m-l/a2 i n constitution, 

From the ratio of narsf~ngarf~$ pale to variegated kernels on the ears 

produced by the cross entered in this table, two or more active Spm 

elements were present in each. Tests conducted with the plants derived 

from the uniformly pale colored kernels and from the variegated kernels 

on these ears will now be considered. The 11 plants derived from the 

uniformly pale colored kernels were themselves uniformly pigmented. 
II 

J?ifteen test cross ears were obtained from these 9 plants, the type:of 

cross being the same as thdoutlined above. On each of these ears, all 

a2 
m-l / a2'/a2', a2m-1/a2m-1/a2, or a2m-1/a2m-1/a2m-1 kernels were 

uniformly pigmented. None were variegated. Of the 8 plants derived 

from the variegated kernels (culture 7298, table 2) all were vriegated. 

On the 10 testcross ears obtained from them, both uniformly pale colored 
among those that were either homozygous for a2 m-l or heteroH+flug for it 
kernels and variegated kernels appeared, .' %+=--zYLY~&L~&.~ 

From the ratio of these two Phenotypes on the di ferent ears, it was 

,& concluded that 3 active Spm element was present in 5 plants, two active 

dprn elements were present in 3 plants, and 
,& 

# or more active spm elements 

were present in PllpuT 1 plant. Again, these tests showed that plants h+.ving 

no Spm as judged by al m-l behavior had no 3pm as judged by a5-l behaviorm 
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and those having Spm as judged by al m-l behavior likewise had Spm as 

judged by a2 m-l behavior. 

Extensive tests were made with plants derived from the Al, A2 

kernels entered in table 2. 'ihese kernels were selected from ears of 

plants in culture 7113 that had a2m-1 in them, uach selectdd kernel 

had an area in it in which A2, delivered by the male parent , had been 
1 -4: 0. j,":""l!: x':; ; qJ- !I,'; 2. '-,~::,~~~,,~ a~+// ->./I(;:: : :!'* 

lost4 'his allowed the presence of a2 m-1 , delivered by the female 
‘i; ‘,.J;” 7”’ ‘;‘,* qg& ,y,‘.! ( I , 

parent, to be revealed. In 17 of these kernels, this area had spots of 4 

A2 in a colorless background, indicating the presence in the kernel of 

both a2m-k and of Spm. In one kernel, the a2m-1 area was uniformly 

pale colored, suggesting that this kernel had received a2 m-1 from the 

female parent but no ";prn element. Lhus, all 18 plants derived from 

these selected kernels should be Al/almN1, A2/ a2m-1 in constitution and 

in 17 of them, Spm also should be present. Each of the 17 plants 
~)iL\A~"w :.kIk 

in which Spm was present were used in making crosses with plants 
A 

homozygous for Al and for a2 in which no Spm was present and also with 

plants that were B9mozygous for al and A2 and/or homozygous for al m-l 

and A2 in which no dpm was present. zhe phenotgpes of kernels on the 

ears produced by test crosses of each of the@17 plants are entered in 

c 
table LCt '- 

I 4, 
*he Spm constitution of each is summarized in table 5. 
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0n1.y two of the 17 plants had 2 Spm element in them. All other 

plants had more than D ~H+&MH& . In one of the two plants hiving & 
-It\ h.,.r~*o ‘g close to a m-l 

2 
Spm element , plant 7296A-2, this Spm element,,- located,in chromosome 5. 

. It will be noted that the-- '.n -ratio of uniformly pigmented 

.&-&:s;df ti 
kernels (no 3pm) and variegated kernels (Spm present) is very m&&e&in -$ 

..A .(: 
e- 

Plant 7296A-2 was a2 m-1 Pr/ hl &. 
F 

a2 pr in constitution. The alme 4 tester plants used in making crosses L 
~~(~1Vij .' . --.I '/.A *? 22 -;! : I i i >, 3J bdI,lJAW~ '1)'; 

with this plant was homozygous for pr. On these ears4 the distribution 

pale + 
of Pr and pr to the uniformly.pigmented kernels and'ihe variegated kernels A 

indicated that the single "pm in plant 72968-2 was located in the 1 

chromosome 5 carrying Pr and at a distance that was approximately 30 
-~~y:i.! "4. 

crossover units from Pr. The percent crossing over between Pr and A2 
.--\ 

is approximately 28 percent. Thus, the evidence from the two sets of 
.,!"Q &r' 

test crosses placeq Spm very close to a2 m-1 in plant 7296A-2. 

Plant 72978-2 had Oprn elements in it . It was Wx/wx and in the 

cross with the al m-l m-l /al , no Spm tester plant that also was wx/wx, 

linkage of one of the two Spm elements with Wx was made evident. Among 

,.. the kernels en==&=-~ on the ear that were, homozygous for al m-l 

there were 111 pale colored kernels (no jpm) of which 27 were Wx and 84 

were wx. Among the 288 variegated kernels, 167 were Wx and 121 were wx* 
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was given 
In tests of plant @468A-2, evidence&of the presence of 3 dpm elements 

tested 
in the cells that gave rise to ea d of the two,ears.this plant. 

$ 
Pollen 

collected from a tassel of this plant was used on silks of ears of plants 

that were At/Al, a2/a2 no Spm and also on ears of plants that were al m-l / 

"1 
m-l , A2/A2 in which no Spm was present. The ratio of variegated to 

pale kernels on the ears these plants produced indicated that in the 

part of the plant that produced the tassel from which pollen was collected, 

only 2 Spm elements were present. 

Plant 7298A, derived from an Al, A2 kernel in which an area was 

present that exhibited a pale phenotype was suspected to be Al/almol, 

A2/ a2m-1 
\ ,Q, c active 

in constitution in which no,Spm element was present. It was 
A 

used in crosses with plants that were Al/Al, a2/a2 in which no Spm was 

present and with plants that were a1 m-l m-l /al , A2/A2 in which no Spm 

was present. On the ears produced by these crosses, no variegated 

kernels appe,-:red, A and C, table 6. In order to show that the a2m-1 

in this plant would respond to an active Spm element, the ear produced by 

the main stalk and an ear of a tiller were used in crosses with plants 

homozygous for Al and a2 in which 1 Spm was present. (For tests of the 

presence of one Spm in each of these plants, 7308D-1 and 7308D-2, see 

page .I The types of kernels appearing on each of these ears is 
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given in B of table 6. It was clear frnm.thcrPP that plant 72988 had 

no-active Spm element in it to which either a m-1 or a m-1 could resp;;nd. 

< m c"EvLiI)&l q J- 
1 2 

ULGGG&W evident that the a m-l 
2 in this plant would have respnnded to 

Spm had it been present. It was also known that the aim-' delivered by 

the almN1 
2 

no Spm tester stock would have responded to Spm had it been 

present as these same tester plants had been unsed in many other crosses an 

these had clearly demonstrated its capacity to respond to Spm, ,.- 
7% g/l r.:f’( 

Altogether, 121 plants were tested in the summer of 1957 w the 31'1:!!"..‘/ 

respnse of a m-l 
1 and a2m-1 

-fthe selection of plants to be tested forits...presence or abeeYr-ce was based 

on the known response of only one of them, either al m-l m-l . 

In all"iYZ d 
6f& (,&&WA h 

or a2 ;- 

, the-re+pUa m-l'~nA m-l 
7/f!‘ '-211. c r/tccF@ k@ 

q-*fTl l@.\,,&q mul 1 2 
w&G quite a&fke to--the 

2‘. p.w, _I) ~ :w-r/ “I "‘I, l _ 
presence or absence of Spm, , and to the number of w present. There 

,A 

were no exceptions to this. The two plants among the 121, plant 6467-l 

and 74708~5)in which a single Spm with modified action was present,oriLy 

served to strengthen t&e evidence of the common type of response of a1 m-l 

m-1 
-p&t p;,p b p..:@JJ &yp ?.% ! 3 

and a2 to the same Spm element. 
p&L + A rr II! $gg ‘;)?y y/q ~,gg,::tg:l:$ 

Plant 7467-l was derived from a variegated kernel on the ear produced 

by plant 71130-8, table 2. Its constitution was al m-l /a,, A2/a2 m-l 

(spotted). The plant derived from it was expected to be variegated for 



15 

Al s&reaks in a no&pigmented background. The main stalk of the plant, 

however, was uniformly pigmented a= if no Spm were present in it &#-the 

tiller,ar,. waa-s-~&~r&af--fer areas in which small streaks 

appeared in a non-pigmented background. TkefW 

-&i, $JJ~?WFI 
suggested that L 

'&Jfqy&@j 1A/ L u+! 
an inactive Spm element Ln=+t that%as undergoing 

1 

change to the active phase in some cells of the tiller. The silks of 

the first ear on the main s-talk received pollen from a tester plant that 

was Al/Al, a2m-1 (early) Bt/a2m-1 (late) bt in which no Spm was present. 

Among the 393 kernels on this ear, 193 were fully pigmented, that is, A2, 

and 200 were a 2m%2/a2. Among the latter, 133 were uniformly pale 

pigmented, as if no Spm were present in them, and 67 were variegated. 

However, in only 4 of these 67 variegated kernels was the type of variegati 

that expected f;8 appear in the presence of a fully active Spm element. 

In the remaining 63 kernels, Spm was active only in a sector in the 

kernel (small specks of A2 in a colorless area of an otherwise pale 

pigmented kernel) or was weakly active throughout the kernel ( small specks 

of A2 in a colorless background throughout the kernel). 

The silks of the ear produced by the tiller received pollen from a 

plant that was Al/al, a2m-1( spotted) Bt/a2 bt in which no Spm was present. 

There were 156 kernels on this ear and 49 of them were fully pigmented 
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(Al, A2)’ In addition, there wex,e 83 kernels that were either colorless 

or pale pigmented and 24 that were variegated. Among the latter, 7 
j'; 't;-& , r) .w 11 

were variegated for spots of Al in a colorless background, 11 had spots 

c &', ( 2 $0 ii 
of A2 in a colorless background, and 7 had a type of variegation that could 

a' t 

be expected if the kernels PLHIPIZX +*-' .J. ' 5s hf$ - 
,&&!J ip,t gc 9 ( (:, 4 J f’ @r/I .-I -w ! r/p;Apj 

___._ -. __-.. W-zN$y almwl and a2m-l/l *. ” - 
~ Aq 

,,~ 1. &&%L undergoing mutation to 

Al and A2. The cross was made to obtain just these kernels in order 
n I 

to test the ~~3~xxx~xx~nf type of response of a1 m-l and a2 m-l to the sssp~c 

Spm element in the plants derived from 

Prom the ear of the main stalk, seven plants were grown from ke ,nels 

that had small A2 specks in a colorless Background under culture number 

7577A)and 3 plants were grown from the 4 variegated kernels in which a 

fully active Spm element appe--red to be present under culture number 

7577B. All 7 plants in culture 7577--A were darkly pigmented except for 

a few areas in which pigment was absent, and in some of these areas, 

small streaks of the A2 phenotJrpe appeared. Obviously, these plants 

had an Spm element in them that w-;ts undergoing change in phase of activity, 

from in::active to active in some cells during the development of the plant. 

plants in B of culture 7577 were similar. Thegln plants in both A and B 
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of this culture were tested by c& with plants homozygous for al m-l 

7.h 13 
(state 5719A-1) and A2 in which no Spm was present and with plants 

A 

homozygous for Al and a 2 in which no Spm was present. The appearance 

of the kernels on the ears these crosses produced XJCH is shown in table 7. 

It was obvious that the Spm ele!nent in each of these plants was behaving 

as it had done in the parent plant, 7467-l. It was in its inactive 
; I ! ‘I, ‘i y, 

phase during much of the early development of the ,,lant, turnijip<to the 

4 1" s t.j ' 
active phase in some cells only late in development. Zhe response of 

both a m-1 and 1 a m-1 2 to the activity phases of Spm was exactly alike. 

four plants were grown under culture number 75788 from 

the ear of the tiller of plant Q467-1 that appeared to nave 

and both a m-l 
1 ad a2 m-l m-l 

>,,:rI' 
( /alm-'/alm-' "1 or a lm-l/al/al 

! '. 

kernels on 
. . 

Spm and 

and a2m-1/a2/ 

a,). In addition, six plants were grown under culture number 7578B from r' 

kernels that were uniformly pale pigmented, the type of pigment indicating 

that they were Al, a2m-1/a2/a2 in constitution. The six plants in 

culture 7578B will be considered first. Five of them gave no evidence 

of the presence of Spm in them either from the appea:'ance of the plant or 

from tests that were conducted with each. One plant, 7578B-4, however, 

had a few sectors in which small A2 streaks appeared in a non-pigmented 

background. The remainder of this plant was uniformly pigmented, 
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It was obvious that this plant had an Spm element in it that was in its 

inactive phase in most parts of the plant, turning to the active phase in E 

few cells rather late in development. Thus, the pattern of "pm activity 

resembled that in the parent plant, 7467-l. The first ear of plant 

7578%4 which was Al/aim-', a2m-1/a2 in coxstitution, was used in a cross 

with a plant that was homozygous for Al and a2 in which no Spm was pre-.ent. 

On the resulting ear, there were 210 uniformly pale pigmented kernels, 

215 totally colorless kernels, and one kernel that was variegated in partom 

Three-quarters of the aleurone layer of this kernel had spots of A2 

pale 
in a colorless background and one-quarter was uniformly,pigmented. 

'I'his was the only kernel on the ear that gave evidence of the presence of 

Spm in“-t. The Spm in this kernel had changed from the 

inactive to the active phase early in development of the endosperm. 

The second ear of the main stalk of plant 757813-4 was used in a cross with 

a plant homozygous for al m-1 (state 5719A-1) and for A2 in which no Spm 

was present. This ear produced 460 kernels, half of which were homozygous 

for aim-'. In 79 of these latter kernels, evidence was given of the 

presence of Spm in them but in none of these kernels was Spm fully active.- 

In most of them, Spm had changed from the inactive to the active phase 

rather late in development of the kernel. 
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Two tither plants in culture 7578B were te:sted for the presence in 

them of an inactive Spm element by crosses of each with plants th:it were 

homozygous for Al and a2 in which one or more active Spm elements were 

present. The usefulness of this test for revealing an inactive Spm 

element has been descrbved elsewhere. An ear of pl,ant 7578B-2 was used 

in a cross with a plant of the constitution given above in which one 

active Spm element was present (plant 7538-4, see page ). On the 

resulting ear, there were 212 totally colorless kernels and 226 kernels 

carrying a2 m-l . Among the latter, 152 were uniformly pale pigmented and 

the 
74 were colorless with spots of,A2 phenot;:pe and in nearly all of them 

large 
*areas exhibiting the pale phenotype also were present. Had plant 

7578B-2 carried an inactive Spm , half of the variegated kernels would 

have had no pale areas or only a few small pale areas. It could be 

concluded, then, that plant 7578X3-2 had no sprn element in it. This same 

conclusion was drawn from a similar type of test of plant 7578B-3. An 

ear of this plant was used in a cross with plant 7538-6 which was homozygou 

for Al and a2 and also for Spm ( see page for discussion of the 

constitution of this plint). On the ear produced by this cross, 196 

kernels were totally colorless and 186 carried a2 m-l . Among the latter, 

22 were uniformly pale pigmented and 164 had spots of A2 in a colorless 

background. In the majority of the variegated kernels, large pale areas 
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also were present. Obviously, plant 7578B-3 had no Spm element in it. 

Thus, of the six tested plants in culture 7578B, only plant number 4 

gave evidence of the presence of Spm in test crosses with either or both 

al 
m-l and a2m-1. 

Each of the four plants in culture 75788 had an Spm element in it. 

The kernels that gave rise to these plants were selected from the tiller 

ear of plant 7467-l because the Spm element in each appeared to hxve 

undergone change in phase of activity considerably earlier than in 

the otht>r =prn carrying kernels on this ear. If this change from inactive 

to active phase had occurred before gamete formation, an Spm with a new 3 

pattern of cyclical changes in phase of activity could be expected to 
3 : i 00 I 

appe:r in the plant derived from a kernel in which this had occurred0 ‘2 . 

This proved to be the-ease for two of the four plants in culture 7578At 

The tests conducted with each of these four plants is shown in table 8, 

In plants number 1 and 2, the Spm element in e-,ch underwent change in 

phase from inactive to active in a manner that resembled the pattern of 

this w in the parent plant, 7667-1. In plant number 3, Spm 

TbD pHp\C 
was active in most parts of the plant, undergoing charge to inactive in 

r\ A 
w/&z 

a few cells, early in plant development. In plant number 4, Spm was 
-9 

($9 

$).;:A'-i r . 
active in all parts of the plant, 

.,,;I z pC Es+ 

4 
undergotig change to inactive quite 

A .I 

late in development,Wly in U 0 
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The described tests of the progeny of plant 7467-l clearly indicated 

that both almB1 and a2 m-l would respond arUk~ in like manner to the 

ae-tizLty phase.-eGSpm3& t-he change? in 

kernel. Thus, these tests serve as an additional proof of the identity 

of the system controlling gene action at a m-l 
1 and a2m-1. Similar 

evidence was obtained from tests of the progeny of plant 747&i-5, to 

be described below. 

Plant 7470A-5 was derived from a uniformly pale pigmented kernel on 

the ear produced by the cross of plant 711T1'-5 (table 2). *t carried 

an Spm element but the action of this elementswas weak ("pm-w) in mo:;t 

parts of the plant. Ghange from Spm-w to Spm-s occurred in some cells but 

only late in development. of the plant and of the endosperm tissue. fhi s 

plant was a1 m-1 (state 5718)/ al, A2/a2 in constitution. The first ear 

of the main stalk was used in a cross with a plant that was Al/Al, a2m-1/a2 

and in which no 3pm was present. The state of a2 m-l was one that gives 

early occurring mutations to A2 and to colorless in the presence of a 

fully active Spm element. On the ear this cross produced, there were 

127 kernels that were uniformly deeply pigmented (A2) and 69 that were 

totally colorless (a2/a2/a2). There were 64 kernels that were a2 m-1/a2/a2- 

in constitution. *hirty-three of them were uniformly pale pigmented and L 



22 

31 were variegated. %LMJKXmP%XAkE In only one of the latter kernels 

was the pattern of variegation that which appears when a fully active Spm 

is present (see photo. ),6 In all other kernels, only small siJots of the 

A2 phenotype appeared in a colorless background (photo. >. Nine plants 

were grown from these kernels under culture number 7580A. The single 

kernel that had large A2 and colorless areas (ti~xxxQqx variegation 

pattern with Spm-s) was sown under culture number 758023. This plant, 

however, died during the very unfavorable growing condutions of the spring 

of 1958. 

'he types of t est cross conducted with theblants in culture 7580A are 

shown in table 9. Each had an Spm-w element in it. Both a1 m-l and a m-l 
2 

responded &jh like manner to this spm-w element. The state of a1 m-l used 

in the test cross gives only one or a few spots or specks of Al or none at 

all in the presence of Spm-w. In the presence of dpm-s, it gives many 

small spots of Al (compare photo. with photo. )0 The state of a2 m-l 

responds to Spm-w by producing a number of small spots of A2 in a colorless 

tackground. With Ypm&, it gives many large areas of A2 as well as a 

number of smaller af'eas (compare photo. with photo. >0 On all testcros: 
with 

ears, some kernels were present i3FWWS~ sectors &~jRQ5s%~d within which a 

pattern of variegation appeared resembling that produced by Spm-s 
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(photos ). The time during development of change of =prn-w to +.u-s 

was so late that very few kernels were produced that exhibited an apm-s 

type of response of al m-l or a m-l 
2 thrownuub the kernel. Nearly all 

such changes occurred during endosperm development, and the majority of 

these took place rather late in its development. Evidence of this was 

given by the response of both alm" and a2m-1 to these changes in degree of 

activity of Spm. 

The ear of the tiller of plant 7470A-5 was used in a cross with a 

plant that was Al/al, a2m-1(spotted)/a2 in which no Spm was present. On 

$he ear this cross produced, there were 58 fully pigmented kernels (A and 
1 

A2), 133 colorless kernels, 32 lightly pigmented ke-nels and 62 kernels tha 

had spots of deep pigmentation in a colorless background. Among the 

variegated kernels, 10 appe,+red to be aim-', A2 in phenotype, 11 appeared 

to be Al, a2m-1 in phenotype and 41 were nearly totally colorless, only a 

deep pigment being 
small spot or speck of mm-r being seen in these kernels, six pl,ants 

were grown from the variegated kernels that appeared to be al m-l , A2 

under culture number 7581A and five plants were grown from the kernels that 

were nearly colorless, under culture number 7581B. All plants in 

A of this culture were variegated in that some small $treaks of deep 

anthocyanin pigment appears in a non-pigmented background. 'he p&ants in 
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B of this culture were nearly completely non-pigmented. Only an occasion& 

very small streak of anthocyanin pigment appeared in them. The test 

crosses conducted with the plants in culture 7581 and the results obtained 

from them are entered in table 10. In three of the five tested plants in 

A of this culture, one Spm-w element was present. It was behaving much as 

it had done in the Spm carrying parent plant. 'hanges from Spm-w to Spm-s 

-1 
were occurring but only late in development. Plants 7581A,and A-4 

had 2 Spm elements in then. One of these laat3 the Spm-w state and the 

other was Spm-s. This latter appeared to be undergoing change in phase 

of activity from tiactive to inactive in some ce-ls, late in development. 

fhe four testeel plants in B of culture 5781 all had an Spm-w element i: 

them and it was behaving much as it had dome in the palsent plant. These 

plants probably were a1 m-l , a2 m-l although tests for this were conducted 

only with plant B-4, The Spm-w in these plants was changing to Spm-s 

in some cells of the kernels having it but usually, only la e in developmen 

of the kernel. In *mtiXmf plant 571BlB-4, tests were conducted of the 

response of a1 m-l and a2m'1 to the Spm in it. The states of each were 
>' 

much alike and the pattern of spots each produced in the kern&l in the 

presence of the dprn in this plant was much alike. Each produced only a 

few deeply pigmented spots in the presence of the Spm-w element in this 

plant. Also, each responded in like manner to change of dpm-w to Spm-s, 
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With both al m-l and a2m-1, Spm-w reduces the frequency of occurrence of 

mutation in comparison to Spm-s and also retards the time of their 
\' ,I 

occurrence. With the two a2 m-1 states examined ( ec~trly and spotted) the 

effect produced by spm-w was the same as thet which if;ven by similar 

states of a m-l 
1 , reviewed in section IV. 

The common response of a1 m-l and a2 m-l to the same Spm elements 

was reveAled by other tests conducted during the summer of 1958. In all 

cases, both aim-' and a2m-1 respo:lded in like manner to the Spm element or 

elements in a tested plant. Since the tests reported in this section 

need 
reveal this common respo:.se, the-additional tests ptjtkl not be reviewed here 
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fhe nature and mode of action of ct-,rttrolling elements in maize 

h:zs been discussed in a number of publications by the author and by 

others. Two or more elements may operate as a unit in the control 

‘k, - 
\ of action of a specific gene, and each such set of i;-lterrelated 

cLjntrolling elements forms a system. E-7ch system, in turn, operates 

quite indenende~~tly of all others. Systen:s of coiitr,Tlling elements in 

maize were originally discovered because the ir:dividu,al members within 

each transposed from one location to anothr in the chromosollle 

comgle ent without 1os:ng their identifying chanacteristics in the process. 

By this me.ans, it was ;>ossible to distingl~ish diffe-f-ent sy,s:-ems of 

controlling elements and the manner by which e:3ch sys--em op;-rates in the 
!-\b& 3 

control of C;ene action. /zi iaec3use of transposition of -&e compo:-#ent 

elements of a system, it & 14-lfewLse possible to examine the operation 

of a particul:?r systm at a number of different gene loci and conversely, 

to examine the operation of different systems Lit the :S me gene locus. 

It should be emphasized, however, that although tr::ns&osition of 

controlling elements in maize m.ade it gossible, origi ally, to recognize 

their presence and their modes of operation, stich tr-ns$ositizn need not 

c.haract-lrize the beh~'vior of all controlling elements, for it is known 
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th t a controlling element th:3t hid srevio!lsly undergone tr~~ns~ositin 

may beco;;e fixed in loc,:t,ian in the chroll!oso;;;e cor:qlel~.ent. 

Recent discovery of systems Ff lfcontrolling ele;i;ents" in bacteria II 
CidJJ-kw 

(Jacob, et al., 1360 a b) whose modes ofnaction resemble these of so:le 

systems alre-ldy ex.amined in maize, eases the task of discussing controlling 

elements in maize. zhe systems described by Jacob are composed of two I 

elements each. One of them,called the 'toper,ator'i is located adj;cent 

to the "structural gene". The latter, when activ*?ted, is responsible 

for the amino acid sequence of a specific protein whe17eas the fo-mer 

serves to control the activation of the adj icent "structural gene". 

The second elei;lent of the system, termed the "regulator", nay be located 

close to the "structurGb gene" or it may be located elsewhere in the 

b,::ct rial chrojJl OS orle . It is responsible for the prodAction of a 

repressor substance, -- not a protein -- Jth:2t appe .rs in the cyto;?lasm. 

The "ope:tantor" eler.lent,respol-ids to chan,,es in degree of effective action 

of the repressor subsz-:nce by co;:trolling the degree of acti-V4ty of the 

structural gene in acco-dance with such ch:?n es. %Lch system is his ly 

specific, for ea?.ch ope-!a::.:tes ;iuite independently of all others. 

The resemblance of the "opj:rator-regulator" systems in b=lct--ria to 
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the systems of controlling elements in maize appears to be more than 

coincidental. The "6perator" in bacteria may be homologized with 

the controlling element in a system in maize that is located adjacent to 

the "structural gene". The " ' element in bacteria may be 

homologized with the element of a system in maize th!t is independdntly 

located in the chro,.osone complement. As in the bacteria, the element 
moR%dq* 

at the locus of the s'ructilral gene responds to&%% by inducing modification 

of We action of the structural gene. In maize, the response of the 

"operator" (da element to change in the effective action of the "v" 

element may resillt in controlled tJpes of mutation at the locus of the 

*\ \' 
"structural gene", or,in some cases,it may respond merely by turning on 

+. * 
or turning off the action of the str:Jctural gene. That these two 

apparently quite different types of effects pDDduced by the 'lopcJratorlt 

-w m\w%~' II 

A are merely two aspects of the type of control of gene action by a$ 

"0pC~ratore" 
&beRc) 

will be made evident in this report. It is proba,ble2that 

the basic mechanism of action of controlling elements is alike in all 

organisms>even though the responses of the structural gene to such 

controls may aype.ar to be quite diferse. It is expectd thrit the nt?.t:re 

of this basic mechrinism will be revealed in further studies of the bacteria: 

systems as it is possible to examine tPis with a gre.>ter degree of 

prec i.sion, both at the chemical and th: ge:,etic level,than is usually 



possible in many of the higher organisms. 

It is the purpose of t%is re::ort to consider a type of co:trol of 

-hit- gene action by a system in maize w&+e+~&, ,f ~~ct~o" resembles th?t ofsa\rs. 

f?.q?wm 
reported ~.RMM in bacteria. An'oper to; controlling element is present 

at the locus of the gene 11 ‘2 ( -* Dssociated with production of anthocyanin 

pigment in plant and kernel) in the short arm of chromoso-.e 5. fhe 

u%JJfin 
independently located element of this system, COOP rsble to the "m" 

element, discussed above, has been designated ikppressor-mut;tor and 

symboloeed as %. 'his system was first discovered when the operator 

was present at a gene locus associated with development of chlorophyll and 

3ocus was then designated lum for mutable luteus. - Trns;osition of 

the operator element to the locus ofA occurred in a plant having lu" -. 
4a.Q m-l 

Following its iylsertion, the locus was designated s2 as it was the 
4 a' 

first case of mutability arising at the $ locus in the dold Spring %rbor 

cultures. dubsequently the operator element appeard at the locus of > 
a kernel on the e&flofculture 

Al in the long arm of chromosome 3 in,a plant in &&r@ s2- 

and the modified locus was designated z$ m-l . Recently, t@e operator 

was inserted at the '!g locus in the short arm of chromoso!ele 9 and it 

first appe-tred in a kernel on the ear of a plant carrying a, m-l . This 

case received the symbol wx m-8 
- as it is the eighth case of iystability 



arising at the VLE.locus t 

Sprin? _ iisrbor culture It h,?s been possible, then, to examine the 

mWoperation of the ;)pm system at four different sene loci. It has 

been det,:r:ined that the operator element, adjacent to the structural gene, 

controls the ty e of action of the gene that will be expressed in the 

presence of Spm and also the type that will be expressed in its absence. 

Basically, the mode of operation of t&is system is the s2me at all four 
-a-t ,,QpA" ,,(Q?,lqbl) ai 

gene loci (am, a2m-1, glrnml and wx m-8 
4 - 

). The original isolate, in each 

case, exhibited some degree of c:ene action in the absence of 5pm and this 

action remained the same in successive cell and plant generations as long 
hi.Wdi@*) 

as Spm was absent. - In the presence of Sk, however, gene action !4as 
4 

suppressed until a mutation-induci g event occurred. LVith e?ch of the 

original isolates, this evefioccu-tred in soTe ce'ls, early in plant or 
7 

kernel development, T and there were two main corse uences of it: mut::ti.on L 

to age&&&e 
tflatu,G& VyI-ta, QJ-pT&h lAJdJ-& 

allele of the gene concerned, or a modification, prob-idly 
1 

affecting the operator element at the locus, that is reflected in 

subseluent cell and plnnt generations by altered responses of the locus 

both in the presence and in the absence of spm. In the past, the 

latter modification h*qs been termed"change in s-t-te" of the locus. In 

the pr sence of Spm, the alti?red str,tes zre distinguished, one from the 
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other, by differen::e in the tL!::e of occurrence of mutation-inducing 

events during development of a tiss,..ze, by the frequency of their 

occurrence at any o-fte time, and by diffe-renl:es i>, tyues of stable sileles 

that res(;i lt from the j,:ut~~~tir~n-ii_d-sci~,g events. They are also distinguishe 

one from the oth!?r, by the tyrje of gene action thqt occurs in the absence 

of spm,and among the many diffe-.ent states of aim-' and a2m-1 that h%ve 

been isolttti:d, a wide range is exhibited in ty-r)e and intensity of antho- 

cyanin pigment in plant and k:?rnel in the absence of Spm, from no 

pigment with one normal A2 type pigment 

production -tiith others. All those states th,at responu to darn by producing 
n% 

stq*ble mutstions are grouped under the headirlg of the class I states. 

In addition, a stitejdesignated class 11,hss arisen on several independent 

occasions from the original sty-te of a2 m-l . 'I'h is state hns been of 

considerable significsnce in the stud:T of cortrolliY2g ele,ler,ts in th-tt its 

behavior mimics thc?t of so-;ae 02 the described gene control systems in 

bactc~ria. In the absece of "pm (or when it is Dresent but in its 

inactive phase, see below) this state of a2 m-l produces anthocjranin 

q)J ad h.dwq 
pigment in plant and k+Arnel thst Se- eA& that produced by the 

AT locus before the opg.:rator element entered it. vvhen Z?rn is present 

and fully active, no anthocyanin is _nrodTnced either in plant or kernel. 
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Howeve:r, in c!nntr-?st to the class I states, no gene muttions occur and 

no evidence has been found of removal of the operator from the locus by 

transposition, as occurs wcth the class I states. This stqternent is 

based on an analysis of the class II state in hundreds of plants and 

%i 
through 7 successive plant generatix-Ins. ~ %hk state appears to be quite 

stable. The action of the A2 gene is "turned on" in the absence of Spm 

UhdLD c1IKpp&a-w 
and "turned off" %-n its presen&. It cannot be aruged successfully that 

rc 1' 

the "turning off" of gene action, that is, the absence of pi.gment in 

ddti 
plant and kernel when s;prn is present, occurs at the level of the gene and r\ 

nevertheless 
under the direct control of the operator. It is clear, iu.mimml~, th.lt 

the operator is necessary for thti! observed effect as no "turuling off" of 

d.0 * v/Q?i!i-qM* . . gene action occurs in the presence of apm when In A2 locus is 

present. &e&&a normal A2 locus is present, n-vld also an active Spm element 

the plants and kernels are fully pigmented, 

The behavior of the .Spm ele,ent likewise h-s been examined in detail. 

It undergoes mutation, trsnsgosition, and cyckicslly occurring change in 

-@ h A&- he. 
phase of activity,, th,t: is, 

y+-4 

a~+ive~to /( inontivo a& refuznA.o-a&Ax&+ A 

uome of the mut:-iti!ns result in a weakening of its capacity to induce 
4 

mutation with the class 1 st tes without inducing a correspondirg 

?Jeakening of its suppressive action. . . CWs;:lt in a WZakLning of 



ethers result in a weakfning both of its capacity to suppress ._ene 

acti:>n and its capacity to induce mutation with the class 1 St.-ites, 

"ome of the@mut?nts are Highly st-:,ble whereas others are quite unst‘:ble, 

dw"uwplcmc;g 
ret!.nn to full Spm expressiiJn occurr& in some so .&tic cells in 

tyy:es are E%EZG 

+H%s plant kernel. 1llustratio:;s of these zu mt 

in figure 2, *Letaeral different met?-ds h-lve been u':ed 

to examine transposit:sn of dpm and these are reviewed elsewh-.re 

(Mcdliztock, 19560. It h,-3s been le,?r$ned th t different isole,tes of Spm 

undergo transposition at differe-f?t tii-!es in :\lsnt development. Lne 

isolate, extensivel<:: examined through three successive plant .:;enerstic-jns, 

un?-e::soes tr*?ns.nositiX?n e,-i.rly in plant development. Uther isol.ates, 

on the otner hand 9 may rarely undergo tr::nsl:ositi ., either cl‘lri-ng ,+&H&J 
I 
le. 
development. Z-till other isolates may undergo 

tr?ns>ositlon only late in plant development. It h?s been le.:rned 

ths,t a chance from a fuly active Spm to one th-st is wezklg actiT/e, or the 

reverse, arises as the cor-se~uence of a sl gle imut?ti:)nal) event affecting 

Spi;m &tself. It is not yet known, however, whether a mutational event 

is responsible for the expressed differences in tiae of occurrence of 

tr?.nsposition of 3pm during @ant development andAthe fre,luency of this 

<at any one time, 



dhe t?;ird mentioned modifica~tion of aprn reltes to its alternrttinz 

cycles of activity within a plant and a description of this will be the 

main subject of t'ris re:)ort. "or example, a fully active I-'~III nay be 

introduced into a zygote. As the plant develops from t is zygote, the 

C 

sctivty of Spm may beeturned off co:i:plecely in SOWP cells. ITo evii; ence 

will be given of its pr esence in the descendent cells until, in sorite of 

* 
them, Spm activity is*turned on a;;ain. Ihe presence of d_nm will then be 

made evident in the descendents of these latter cells. I'he duration of 

any one phase of activity of bpm, -- either active or inactive -- may be 

long in some cses, or sho-rt in others. In some c,ases, the dt!ra.%ior of 

one phase may extend over a number of plant generations where :s in others cl, 

AuwJiml J$ 05.~~4~~ &&~wd +?m kGdd' $9~4. 
rather fre?uentyhalterations in ph.-i.se of activity may occur. ,+, Then 

a class I st::.te of either a m-l 
1 or a m-l 

2 is present, and 

p~&f&wL 
with a long duration of its active phase, a vepstrcc~kx p?:tern of 

anthocyanin streaks in a non-pigmented background appe rs in the plant, 
clMs+iQ@@~&ti*.w&. 

.d The particular pclttern, in a fiw?ha~ 

r-- L 
f the particular 

CQ g&&j QLW" CfJ up-' 
state th:Jt is present in the plant. If, however, the Zpm element 

vi 1 

is undergoing freq ent change in i.ts phase of activity during the 

(iA&+ 37&L \ Q-t.+ cLl,@ti d--q & ~~~ _- 
development of the plant, the pattern of anthocyanin distribution in the1 

-M&plant may be exceedingly irregular. Sgment will anpear in those arec:s 



of the plant in which sprn is in its inactive phase. 

a non-pigmented background will a>-;r,ear in those areas of the plant in 

which dl;rn is in its active phase. However, the patterqof pigented 
4 

may be 

quite different withinnthe same plant. I'his is because no mutational 

events will occur at either a m-l 
1 or azm-l until $x3 enters its active 

phase. If it enters this phase e:-lrly in _nl:-;.nt development, large 

L4Ji.&mqdkp&Id~ 
pigmented arezs may ,a;nf~ :r in a non-pigmented background. 

A If, hoiirever, 

it enters the active phase rather l.ate in development, o-&y small pigmented 

streaks will anpe?r in a non-pigmented background, ,,the 

class Ii sxte of a2 m-l is present in a plant, the distributi.;n of Figmente 

"% 
and no&uigmentc.>d areas rVTfleet for each area, reg-rdless of its size, L th'e2 

3 
y-i.rticular phase of activity of 3pm that is present in the cells of the -B" 

T ,a.,rea. In thpr non-pigmented areas, Sprn is in its active phase and in 1% 
c 

the Tigmented are.is, Spm is in its inactive phase. Often, within 8 

non-pigmented area, a number of similiar sized, uni ormly distributed 

pigmented XICHEXX appear f4 -w, within a large pigmented area, a number 

9U-?+Wa3id,@ uJ.d.idiho SidXSGiW 
of simil~~r~sixed~uniformly distributed,Npigmented XICEIX A 

b I Puch patterns of pigment distribution reflect the 

dAi 
-,. . . . e-e any any one time1'm.e ln ch,.,c cf 2ctlvL,tJ7 of h n 3 t ._ 
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from active to inactive in the former ex?.rr,l-ile &8nd from inactive to active 

in the l,atter e:<:wple O Lhus, the ~12~'s II s:;J.te of a3 m-l has been 

partic:?larl 7 useful in examining cyclically occurring chsn::es in phwe of 

activity of Spm. 
* 

JJd+& 
I'he "pm &azw~A whose cyclic:t? Ly occurr I ing chfinges in _nhTse of 

T,ctivity h,?.ve been exar*:ined in cor:sider:-able det;r.il,was %E one th3t ~~-1s 

was lot ted in the s:,ort arm of chr -,*losome 9 and w?s closely linked ,Irith 

vu\ bf 
'fSRre gene rzqrker k/x. ti c2seJ of e-:rly occ:lrring tr3nsL;ositi-)n of tis Spm 

4 

-^C. L., Eiowever , it does tr7nspose,.and the time of occl,~rrence 

development. The frequency of tr:nsposit;-:n is not very I-!igh, TOP will 

/MLbBp& 
A 

be &&icz.t;e$ l,iter. 

7& m-1 a,nd ,a m-l 
2 1 2nd of the reasons for the di"fe:,onces encountered in 

control 
e:ise of detection of the,sysL 'rn sssociatG?d :,t:ith e>ch. h.1dy of a2 w -I 



1.1 

was undertaken before th :t of a m-l *m&w 
'1 ' - 32ki-eqwe '- 9 -. ., :+-e 

okhm-ed of the L.0d.e of oper-:.tion of the system t&t x=s res ansible for 

c:,ntrol of gene action at a Cl-1 
L;bi,d.~.h~ydti* 

2 4. In contr s-t, progress in t?!is respect 

w3.E rel-tively ranid in the study of a1 m-l . lhe reason+ for this 
p!t$bi in the two cases~9WH k?0!.&4- 

difference in ease of detection of the>&stem,bee++e clear when it was 

reali,zed thc>t the ;ipm ele ,ent in the ori_gin& a m-l 

ih 
1 c::lture had a very 

long active ritxxar~~~~~ phase :qhere-)s the O~sp ekenent in the a m-l 
A 2 c~.CLt~.~res 

%dbh 
~~tla.s under&i_ng frequent chyn::e in piise4 during L d.tnt d-e-;vel.o?r!ent . 

in the two c~.9ture s 
donfirmation of th& di'ference$ in behavior of the 390; ele-c::e,.ts,-2rs.s 

&a I . 
obtained throlq;h interchan;,e of $m eleu!ent$ bet.:een the a m-l and a, m-l 

2 

cYLtllres,nnd also by isolation of Lpm derivatives within e ~.ch clilture 

Y:rhose behq&vior was modified, either toward slxbility of a phase of 
cMJh%% 

activity or towrds frc,J-uently chsnzes in ,rih,-se of activity, A 4 



;xperiments aimed at elucid-,ting the peculiar beh;.rvior of s?rn 

commenced in the summer of 1956, utilizi- g for t?-,is purpose both the 

class I rend c&%&s II st-:tes of a m-l 
2 l 

ihis retort will cofcentr,te on 

those studies thf:t utilized the class II s-t-iteland ?or resisons o:!tli.r.ed 

km 
above. In earl&.&r studies of this ~&zsFSS st::te, it he4 been 1:arned 

that an a,8parenQAfull A%2 u r,'en.e exyression ws Ad appebr in @ant and kernel 

in the absence of Spm,and th?t gene actin would he sur,pressed in its 

presence. Xowever, pigmented areas did a-ppe:r in plants and kernels having 

this st*mAe of a2 m-l and Ssm. It was also re.-ilized that,,in gcneralJthe 

xreas 
pattern of such pif;mented XEE&X reflected the number of Sjpm ele::;ents that 

T:iere present: the more "pm elercents that were present, the fewer and 

smaller were the pigmented are:;s. Removal of Spm from s~)!!e cells dJri g 

develo?nent by the transposition mechanism might hr:ve been invoked to 

account for the aoperarrce of the Ficrneni~cd are'ri.s. liowever, the >a..-terns 

of ni,zment distribution made it evident thrl.t removal of "pm by . . tr~-~s+~:t~ c 0: 

could not be responsible for many of the pigmented areas th,t z;l)e?,rnd. 

Ihis was because within a fully pi:;mented area, smaller non?igment ed a:=e3s 

often 
were,present and within solute of thepe l,:+i;tej;, in turn, pigmented stre-:ks 

cnr@T~ tiLim$AAa 
i2npe-ared. i-J** 

-1 
zests thLrt haB made it bossible to underst:~nd4t~~i&~-a 
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commenced in the summer of 1956 with !:rodeny of ~l:zlts in c..ltixe 

number 7109, to be described below. 

ihe pl:in;s in crlture number 7109 origixted from vrieg:;ted kernels 

(pigmented sqots in a colorless b?ckground) on an exr of a gl.snt th3t 

had the following coistitut:on: a2 m-l (cl;iss II st te) &/a2 bt in 

chro:.,osozles 5 , Xx +/wx Ypm in chr)mos3. jes 9, and one additia-al 3l.m not 

linked to m rkers in either of these chr,~!ios,xles. Ihe silks of tzis 

e.::r h~,.d received y>ollen from a ;jl-nt th.-lt was hoi:io;5ygoi_Ts for a2, bt, 

and. 'ix and had no opm. Among the a m-l 
2 ca rying class of kernels on the- 

e 3.r , there wer'e fully pigLiented kernels and v~jriec;Tted ke:-neis, tW1-t is, 

t-r:ose that ii.;d s jots of :lntLiocyanin pi;?,, tent iz a colorless b?~c!q;ro:xd. 

dome of the v i-1, * <:;:ited B::-nels sh\j.:Jed oAy s ~.becks of pig ent and wzre 

the :g:i:ht to h:tve received both of the dgrn ele:.lexts thak were present in thd 

of the two "?rn eleirlent tb t were prezent in the female p:-xr:nt. ylants 

'de:- e gr 0Fn fr :im the two ~13~~~23 of v,;:rie,.,.:ted ii;-xlels, 5 fro:2 xcrnels 

of the fir:,t t.jr:Je e;n."l 6 frtim kernels of the latt::- t; e. x number 1 

of diffe en-t ttir;es of test crosses ;vere cti..citicted with e ch j?l .nt. 

don.firx?ti'Jn was 02 .i.ned frond th.:se tes 2s of the i3reseiice of two 32rn 

wle:.ie;.-:s in the ::lants derived frus the former menti .,i:.ed t,:,m #e of 



v-2rieg~Cted ki-rnel snd of the presence )f Orie $-pm in e‘~-ch of the six $1:in-es 

derived from the latt:.r ty :e of v rie. Aed ke!nel. This re .*,ort will 

consider nai:liy the teats th t :ge-re cx duct;-d in successive years with 1-1 

progeny s ,cmming; from three of these l.~;ter six :;l nts, th--:.t is, tho.;e th;-it- 

arose from kernels th t s?io;,vred many piL:ment~d sgots in a colorless 

background. ihe co:.,s-titutiiln of these three plsn-:;s proved t3 be as 

follows: two ;lari ts we-e a2 m-1 Jt/a2 bt, .$x +/WX tiprn (pl.n;s 710913-l and 

6-2) and one ?l:nt (71035-4) XLS a2m-1 at/a2 bt, ;Ix/wx, and h I(?* i "pm I 

not c zried in the short arm of chra. :~so !e 9. 

The a:,pe:lrance of the kernels on e%rs :;roduced by the six 1'1,llt-o 

in c:ll-hre 7109 b; and 2 it-hat is, thee t2pJ.t :;w:r'~ c~:,s&&erti-----b h.?-4 one 

Lpm ~TLG+Z&/ when crossed reci~.roclly wit:1 i:lznts hoz:~~zyg~.,:~s for a,, bt, 

and s.'x and hs?vi.ng no Spm, are entered in -lpIole 1. Ai tie rly ex;qessed 

1 : 1 ratio of f :lly gigme: .ted k r ..els to k- rnels th~;t showed gi:;merited 

spots in a colorless background :~,;ip‘tred on the e'zrs produced by all 

til.ers of these pl~3ts excep t th-,t of tilltr-1 of ylnt d-1. however, a 

pronounced de iation in f.!vor of the ?i;;Lgented class appezed a:-.on,g the 

:.re nels on the e,r prodiirced by the main st.Ak of pl ants 7109-3-l and 

'i'lOgd-3, and to % lesser exkent on t5s e:-ir ijroduced by slants 7109Ll 
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rnd d-2. *%ny of the k:;-rnels in the pigmented clas s were uniforziy and 

dee.ply pigmented but in so: e kenels placed in tl-As class in the t :ble, the 

intensity of I;i~:~ient over the aleuro: e layer :;'!s ngt uniform. uight1.y 

pi;gented 2%:' 3 -I LS or even so.:.e clorless are :s were pr2,sen-t but sharply 

defined bord.ers beti;leen are-,s with different .;igzent i;itensities, or 1,e-t een 

pigmEn-ted and notipigmen-ted ai'c_:s tdJe:ae n;;t usual. This gave the ke;nels a 

diffusly-mottled a$~ :zrance (see photo, figure ). i-t the til.le of 

obse vation of these kenels, no attempt w,as rn.~rcle to place in a se?,ar ,.te 

class those kernels exhibiting different grades of this diffusely-mottled 

plienot.;;Ie as it was evident th.:tt this class graded int- the fully and 

uniformly pigmented class. Subse l.uent tests proved, however, th.t all of 

the plants derived from the diffusley'mottled kernels c rried an "pm 

ele:.,ent in them .as did some of the plants derived z'rom k?rne&s on tese 

e-rs th;lrt were uniformly and deelIly pigciented. 



ihe err of tiller-l of >l?nt 7109B-2 ~lzs self-pollin.:.ed. -~-!r,OTl~ 

the 367 Bt k+,Ty:els on the resulti.?;g e'?,r only 23 were car-:>l+?j:?ly colorless. 

Jixteen of tLe3e colorless kernels we-e -:x 2nd 7 were wa, :.mong the 

w 
ren>,q,i Ing 344nkeTnels, 87 were 

4&Q LtAqfw$ 
dee-,:ly pigmented of w'.kch 84 were 

A 

'Yx Q nd. 3 were wx o One Fit kernel exhi_bited the diffuse-mottled phe?oty:e, 
256 

and it was ix. ill of the rer?,ai ing,Rt kc kqnels were v:-triecL:t?il in that 

diriviied, roq;.i:ly, into three clz~ses: tl=ore th7i.t shoT:red only 3 few s:?ecks 

of Figment, of which 11 we e .!x 2nd 20 were FIX, thase th-lt hod. 2 num+!er of 

l?@T s;ots '1s well *as so,'e s;;ecks of _nipment, of which 105 wei-e ':ix ?nd 

well as 9 number of smCaller pi..I.:leylted , of which64 :~ere $':c and 14 

'7e r e wx . Other crosses co ,d:lctc' d wit?! ?lsints 7109E-1 sad 7109%2 

thgt need not be o-dtl.ined hcre,had iz!dic‘~zted th t in both pl+&~ one .jpm 

X=IS y,re?ent 2nd th t it was loc:itcd close to wx in chrni,loso e 9. Cn the 

stlf-pollin-<ted c‘?r of the tiller of ;>lznt 7109'L2 the ratio of 84 .Tx : 3 

wx a~onz the uniform.ly nxxrj: ,igrtented !<Crnels snd of 180 ‘:!x to 76 wx ,mong 

in the s~11mm~r of 1957, 
e--' Plants w -re grown,under c~C!.ture number 7308, from the uniforzlg 

'\ 
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v:Lrie,nted Lb 
pigme;lted Bt, VJX ciass, froa; so e of theAkernels in the Bit, :ix and bt, wx I A 

classes and I"rom 5 Kernels in the colorless, bt, wx class. slants 

derived -?rolli tile ia$ter class of kernels were ex::ected tti be ho::iozygo..is 

for a2, bt, and wx, and to cz. ry Spm at a known lot ,titin in chr some 9. 

Cnly tw;, of the five plsni;s survived. In both of them, 3 si:;,le 6pm 

eler.!ent was present, and subse,,uent ests indicated th::t it w:.,': loaited 

close to wx in one oEr&noso:.;e 9. Jhese two plants, 73083-l and D-2, vlere 

extensively used as pollen parents in crosstis to 2lzn-5s c . . ..rying not only 

the class II St.-.te of a2 m-l but also to ;;lants carrying AZ class I 

m-l fit&e of a2 . The 'behavior in subsejuent generations ori' bhe Spm eleizent 

in e?ch of these two ?lan-6s (see G and D of t*!lble 3) has contributed 

much to an undersanding of cyclical changes in phase of activity of spm, as 

will be mtde evil ent later, 

Bec*:luse hundreded of plants h :ve been tes i,ed to det:ri:ine ?+1rheth:r or 

not Apm was present in them, and if so, the ph-se of its activity in 

differaent parts of the same plant, it will not be feasible to give a 

det:?iled :'Lccount of the results obtained from e,-:ch such test. Therefore, 

exa.r;;.,les will be chosen the-It will illustrate the n:?.ture of the tests that 

‘:lere ~a:~~ducted with these gli-7n-Gs and the conclusions th t may be drawn 

from e..ch. Before d.oin,l, so, the rec,.der is advised to inspect table 2 
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which summ >yizes the r- sults obt-:ix;ed from tesis th :t were conducted 

throllgh successive gener :.ti.Jns wit:- the 3srn ele;:ent thrAt was Tresent in 

pl,ant 7109B-1. This plant had one Spm element closely lil?ked with wx in 

the short arm of chro..iosoxe 9. The S:;:m elexent Baa in its inactive phase 

in the cells th:it g;ve rise TV; the e !r of the main stalk. Kiis was 

indic:ted by the uniform distributix of anthocyanin pigmentation in the 

main :;t*ilk of this :&Ant and also by the phenot,mJ-pes of the kernels on the 

ecir it produced (table l), flo;kiever, the phenot:;L,es of a few of the 

kernels on this e-.r indic Ated th:at _‘, u-nrn was pmaesent in the cells that 

contributed to this ear and that it h.ad ente;aed its acti -e phase very 

e rly in develo$nent of a few of them, or had enteri:d the iictive ;ha,se 

later in development in some cells of other kernels. In the cells that 

g-;.ve rise t o the e:-r on e?ch of the three tillers of ,:lant 71CgB-1, 5pm 

T.J& s in its acti.;e phase. This -way made evident not only by the a.?pe trance 

of these tillers, in that they exhibited streaks of anthocysnin :~i~ment 

in a nonpigimented br:Lcki;round, but also by the ratio of kernel types on 

the eG;rs produced by ech (table l), The ;?ollen of the main st.xlk of 

212nt 7lOgB-1 was also used in making cross-s and it was made evident 

from the t.;-:;les of kernels on the r.:sulting e i:rs -that s;ji,le grains c _ ried 

5pm in its active phrxse whereas soi,,e others carried dprn in its inactive 



Pble 2 included the Results ._,I tests o ly of tho.:e progeny of 

plant 71093-l that c.rried Spm. ;i number of pro.eny z~lnts th 4 did not 

carry Spm w:~s ,G.so tested an& the methods used to determine Tdhetiier Spm 

is absent in a pl;;nt or is present in its ijl:YLctive phase will be 

cJ::sidered shortly. In tzis t..=ble, the symbol li-ll indicates that Spm 

ws inactive not only in the cells thzit g'.ve rise to the e'r, but also in th 

cells th:T-t gave rice to the aleurone layer in all k:rnels on the ear. 

'The symbol !'vd" (very delayed return to the :_tctjy-e phase) iY;dLc tes thit 

:Zpm WLIS inacti e in the ceils that g:tve rise to the e .r .and also in 

tilc,se th#,t gave ri:ze to nc.-,rly all of the kernels on the eT:r; a return 

to the :<ctive phase was seen only in so ,e s::rts of a few kernels on these 

e,=! rs . The symbol Vdtt (delayed return to the iiCti e phase j i,;dic.-,-t.:s thst 

the jpm ele,$lent was i:i;tctive in the ce Is that g ve rise to the e r, but 

th:;-t it hyd c>lsn;Jed t-1 the sctive phase iii. a number of kc:rneis on the 

e.r, being in its ac.ive pliase izi so18;e of them at the st .rt of endosperm 

develo.~.::ent . The symbol "+'I i:sd cites thtit Spm was in its active 

phase in the cells that g.ve rise tc, the e..ir, turnZlLg to its i.,, ctive 

p~I~~se in so;ze cells during endosperr; develppnent. The symbol (+ -) 

illdic.z!tes t&it, a pzrt of the ear aro:se from cells in wliich dpm -,WS in its 

active ph-ise whereas another p.:.rt arose from ceils in which 3pm lic3s in 

its in LctiiJ-e p?:ase. Jars of ti:is tg*;e exhibited shzrply defined sectors 
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with Lpm active in one sector and i: active in the other. 

Table 2 reveztls tht the inactive ph-ise of dpm, present in the main 

stlzlk of _;liLnt 7109%1, remained in tZ,.is @se in the tes-ted ,:.zts of 

pl*nts over four successive plant gener.:Lti ns, and exhibited the sc,me 

pattern of behavior in each gener,tiIn. In plants h ..vi:,, t1lis inactive 

&pm, return of it t3 the active ph.zse was very much delayed. In general, 

visual evitience of this in the L;ixnt WCS given only by tiilers. In so:.e 

tillers, the ch-tn,e of "pm T'rom in:d,c-tive to active ~8s exhibited by the 

presence of non;.iig:i;lented sectors in an otherwise pignented ti_ller, and 

$iCttCn some of these lztter sectors, in turn, small pigmented streL-]~ks were 

present. 

In this study of alternating ch;z?nges in phase of activity of tipm, a 

number 0-f tests were c.J -.ducted to deternine (whether or not the presence of 

an active "pm in the s.a<me nucleus with an inactive apm would effr,ct a change 

in the latt r. W idence obttti Led from tests of Ais tCi :e indic-jte thrt the 

active 3pm does not initiate change in ph:ise of the in-!.ctive "pm nor does it 

appe P to alter the durati.n of an inactive phase. One such test, 

conducttid b,Cth the intictive dpm originally present in the main Ttalk of 

pl;snt 71098-1, is recorded in A of table 2 under culture number 7780~~ 

xe.~:r 1960. The plants in this culture arose from a2mW1 carrying kernels 
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on an e r of pl:nt 7599B-4 (see Year 1958, Table 2 a) th,-it :iras a2m-1 

(clsss II) B-t/ a2 bt, V?X +/WX Spm-in.:Lctive in co .stitution when crossed by 

a plant that was ho .oz~~gous for a 29 bt, and wx, and that had an active dprn 

li ked with wx in 01-e chro:::osoAm.e 9. The giants in culture 7780~ grew 

from k-.rnels selected from t3is e:w be,:cuse e..:c?l had recedlved the inictive 

Spm from the female parent (originally derived fro1.i the main stalk of g1.an.t 

71093-l) and th e tactive jpn ele..ient from the rn,;le parent (this aprn 

originally derived from tiller-l of plant 7109b-2). The plant in 3 of 

culture 7780 were derived from kernels t.hz-t had received the ac-Live dgrn 

from the male parent but no Lgrn from the female parent. AS the tible 

ii: die -: t e s , the inrwtive apm, originally present in the nail: stalk of :l-nt 

710913-1, a pe. red in the progney ;glants of culture 7780~ and exhibited 

quite the same behavior with respect to pi;;:ase as it exhibited in the 

ancestor ?l;llnts in which it was the only opm ele::lent th.3.t wts present . 

The sa.rr;e Ypm element thlzt was in an i,:active ghzise in the main si--1k 

of p1:3nt 7109~3-1 was in an active phase in the cells that gave rise to the 

e':ir of e:ch of the tillers of this Ilsnt (t-able 1). The activity phases 

of t3.s apm in cells givin& rise to ears in successive genersti%lns of 

plants are recorded in 2 of t :-3le 2. In the t >iJle, the letter T (tr2ns- 

,,ositi ,n> befo:Fe the plant nulilber i ~dic--!$es thtit -Lie pl:!nt carried this 
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Ypm at a new loc;:tin in the chrol.zoso:~;e co. ple:,ent. The _olznts in B of 

culture 7306 (ie.r 1957) were derived from the very few kernels on the e.zr 

of tiller-l th,:lt iile e sus~jected to have received more than one Ajpm eler,lent 

from the 7109%1 parent plxt, the additional Spm h.ving arisen throu:zh 

the transpositi n mechCbnism. khe plants in culture 7560 ('e r 1958) 

were derived Yrom the recozbi-ant cl.ass of kernels on the secxd esr of the 

msin stalk of plant 7306~-1. AS indic :t.d in a. previous ;:ublic j.ti n 

(&icClLtock, 1956) the ;henoty>ic recxcbinant class may be a coivl;:os,t, of 

i,;dividuals sortie of which represent the true croSsover class and otkr of 

which c'arry a tr-ns;:,osed dpm ele:,ient, and do not represent the true crossove 

class. *t will be nosed -thJt the behc:vior of Spm derived from tiller-l 

of ,Aunt 7109B-1, whethtzr in its origkal lot -tion or trxx,osed, with 

reg.:rd to phase of ::.ctivity in the ce -1s that Q ve rise to the te..tec; e,%rs 

in B of c::hle 2, is ..;uite diffctrent from th:zt of the s :::e Q?rn element in an 

inuctive : ,iiaSe, derived from the mail-: s-kslk of glnt 71093-l and registered 

in A of this table. dh.xnge from the z::ctive to the in.:ctive phase occu-rred 

in soxe ce.l.ls e-rly in @ant development, but in many other parts of the 

plant, such chc:)nge was delayed, occurring i SOGe ceils only la-e in lsnt 

developent, 
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Li;;iil~-ir types of test as those outlined above, we :e CQ duct d with 

theSpm carrying progeny of tiller-2 of plaint 71093-l. apm was in its 

active Ghnse in the ce Is thrzt g:ive rise to the e :r of this tiller, 

Its beh.vior in succdssive generLti~~ns is recorded in C of t:\ble 2. 

In general, its be3Tl-vior wi-~s simil.j.r to that in tiller-l. tinly two 

comments regard,ng this need be made here. Lirstly, it may be _ointed 

out that tests of "pm locztion in eight ~~l:~nts derived Tron the 

recombinant class, entered in c;_l,ltures 7561, and 7562, yellr 1958, did not 

reveul a case of trnsposition among them. 'lihe second corlment is 

directed to the first e'!r of the i-lain s~slk of l;l,ant 7561-4. The 

constitution of t ‘is plant was a 2 m-1 (cl-~ss i1) Bt/az bt, ',iix Spm/wx +. 

The silks of the first ear of the main st_lk of this gl:nt received pollen 

from a ,;lant ho,,ho:Zygoi.!s for a2, bt, and wx, and in which no AiIrn was 

present. 'Ihe resulting e,lr was sectorial. Apm was in its aczive 2!i7:se 

in all p3rts of ti:.ls ear except for a sector in the middle of the ear in 

wl.;ich no evidence of Ssrn was ,iven by any of the a2 m-l Barryin,: ke:[nels 

within it. ILernels with a m-l 
2 that :qe;;'e also Bt and .;x and having an 

active Zpm in them, derived i~'ror,l that p rt of th?e r in w.. ich >2rn was 

active, were sown in 1960 under cul-ture number 7777-L and B. %1ly 

pi;g;:r:en-t ed ( a m-1 
2 ) cnrrx Lng ke::I-nels th::t 51reze Et znd ,;x were sown under 
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C and D of ciullture 7777. ~~11 of the Al-nts in culture 7777 c~ried Spm 

in the :x chro;xso; 'e co :tributed by the fe;;;ale pe:. ent. Ho .L ever , it ~3s 

totally inacti;e in all of the cells th.?t co;:: ributed to e :ch 0-r" the tested 

e2rs of lants in C and J of culture 7777 and rezaind i:: the in chive 

phase during develos:l.e;it of <ill b..t a very few kernels on thzS:e e :rsO 

In the le ves 0" these :.Slants, severr~l sr-1~2.1 sectors were present in which 

"pm h7.d ch ;nged from its inJctive to ii;8 active shase ii> the ce-i tL2t 

p;.:ve rise to e.;ch such sector. In most of the ;+lan:s, the e small sectors 

appe :red only in tillers or in $.x-ta of the su? .,rt roots rof the nain 

st ~,lk. 1-t w.s obvious, ho evzr, th.3.t the duration of this p-rticul,:lr 

inacti e pin-zse was lo-g. In csntr st to trlis the s't;le 3pm ele ,ent in the 

plants of 1i and El of c:Ature 77’77 :\J%s undcrg>ing frquent chttn~e in ph-:se 

of its activity. 

AS ment ,-;r:ed e xrlier, the pollen txiren from the tssel produced by 

the m.xAn st:zlk of :;lznt 71098-l con ti,ined so:.ie gr?.i:_s in w::.,ch "pm WLS in 

its inactive pi? ise :ind others in which it :LT s in its active pilase. It is 

-presumed that the tassel WIS sectGria1 z\rith reg.<rd to $iase of activity of 

Qpm. Tests of the hz.se of activity of ogrn in ;..rogeny -reduced by use of 

this ,?o&len is siven in L) of tzble 2, 
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In order to obkin evidence of3pm activity in cells that g .ve rise 

t(J the e,?rs sum:: rized in t-?ble 2, it +~as necess ry in makintl; the cross to 

each e -:r to use ::' ollen from a 31;lnt h:~iving a particu1,m.r coi:ibi.:?-ti !n of 

m.xkers. (rith reg-.rd t,d such m.:.rker, the tc\: ,ed plants w<>;'e of two main 

types : those th::t were ho;-:!ozygo.:s for a2 ,-tnd bt iand also for soLIe other 

m r;:ers th:>t need not be co:;sidered at t:ALs ti ie), and those that c rried 

in their chro ~1s'~ .e 5 a >:lass I s,;:te of a2m-1 (tree dif'feyent class I 

st tes selected for tllia -!?-ur 'ose), or 3 class II st e of a m-l 
2 ' and also 

bt. I'hes e a m-l 
2 CTZ ryin;:; tester .>llnts \qe:-'e homozygous for wx and they had 

no bpm. dhe te::ter plan..s, horl1ozygo;l.s for a2 and bt, wereof three main 

ty;?es: hor.lo.zyr_o s for Jx 2nd h:=;vig no Spm (ty;qe-1), ho, ,oz;~i;;o s for wx and 

having no Spm (type-2), and h:)r:lozygous for wx and carry;q one or more 

&pm ele:,ents e~sch in its active phase 'type-?). L,~O :t of the latter 

pl:lnts ctrried one Spm, linked with wx in o .e chro:Loso,.e 9. dome had 

two tipm ele!:ients lot -ted close to wx in e%ch chro <,so.,e 9 (design-ted 

;ipm/Spm in the tables) or two Spm, one loc-,ted close to wx in one 

chromosol.;e 9 and the other lot?-ted elsewherbe in the chrai,;oso:.e co., le:-:;ent 

(design .ted "pm + Apm in the tables), the l:atter h .-:i:lg been trdns-~:osed 

from a lot-Ition close to wx to a new 1oc::ti n. Each t<,-;oe of te:r:ter slant 

served a purpose in exr7mining Spm beh.vior. 
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In t..is szd~, it is import-nt to dettect the t,x;e of occurrz-xe of 

ch-ini,,e in gh,-ise of lit-tivity of Ypm and to derive gro,_eny from .a ceL1 in 

which t'zis occuxdd. For this rem-son, the 32jority of tests of Lpm 

beL?.vior were co;iduc ted xitL e':rs of i-,1.-zlts r:th~;r tlzn -.iith ,.ollen 

bec,luse cell linezges 2x-e m e evil,ent ix them. 2 :ch ,;l::rit h3.d 2 li;..ited 

number of fert le e,:rs th t co Id be used for test pur.io::es and a dec Lsion 

h.3.d to be x?,le in tile te t of any one lant reg,srdin$ the TV-peof tes:<- 

plant tL,:.t shou .d be used as l;ollen J rent in the ATOSS to e ~:sh e.:r or' the 

Giants ~whose dprn was desizq-cd ti> tie examined. If the CL. ;>e II '2nce of the 

s t; lir x~d ie dves 01 the pl:z.nt i; die :.:;ed th .t it hltd st .rted its dcvel.o,;ment 

with an zctive &pm, a cross ;;ias usually mde :liti: it us xi; o~:leil of a plm 

h::vi:lg no tiprn thiat .d!~.s h~:.!;izygo~~a for "3 and bt , and eit.her .';x or wx, 

de:;entiing on the co stitution of the e.:r-be~,ring pknt. If -tke :L~z;.I+ .r?.nce 

of the ?l:int indic-:ted -Lh:<t tipm ~xas in its i ctLve 211 se in most p ,rts 

of the .-bl,rmt, than a cross using Gollen of a ,il~:nt ho.,NJz,jr,ous for a2, bt, 

and c rying an acti-Ye >;Jrn :rras illdie 7ti.d for ::t &&ast one of the fertile 

e )TS 0.C the -lant, and for re-:sons th.it ,aill be m-tie evi ent shJ,r-tly. 

:,'nen pass ble, another e !r of tllis s me pl,lnt SV;-LS used in a cross with a 

plant hozozy,gous for a2 and bt <and h ;ving no Lpm. 3 r3 of some plants 

kiving eith._r an initidzjdlly active Ypm or an initi:L&3y in:-,,ci;ive a_nm i:, them- 
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':ie::e used in crosses with ;gl nts th,:t carried a class I st.!.te of a " -1 
2 

and bt, but in .~~hich no Spm was present, in order to exnmine the res>oz,se o 

the chosen cl:-tss I st :te of Spm th-L-t was c..ntributed by the e-r-be_iri::g 

parent. Zince many of the tested slants were a2 m-1 (cl-ss II) %/a2 bt 

in constitution, the direct re,?;wise of tne cl$s I st: ,e to Spm in the ferna: z 

p;;.rent co'.:id be observed among the bt close of kernels on the resl:lti:ng 

ew, as the l.zzge majority of then receive a 2 and bt frol,l the e r-be.ring 

In the Sumner of 1957, the only gl:~nts ho,!~~:';~rg~u~ for a$ , bt, .?nd WX 

and hwing an actiTJe 3pm in the!!! :,/ere pl.:nts 7308D-1 and d-2. Jhe origin 

of these two plnizIs from the a 2' bt, wx class of ;:ernels on the self- 

pollin:-Ged eer of tiller-l of ii1::n-t 7lO3%2 was described e.:rli:?r. 50th 
t:i.ssel of 

plrnts produced three tillers/ Pollen collected frorl: the,m,zin stalk 

of :r:lLTlnts h .vL~t; eith-r a class I or XXE%XX the class II stymI;e of a2 n-l 

:lnd c -.rruFinG either no "pm or one or more d-?:,r,i elements in the ac-ti-.-z or 

t-he i?'t ctive !;h;tse in diff,-:-:>l:nt ::I rts of' the pl::nt. il'ne .:?henot;:?es of 

kerr;eis on the e'~,~'s tl:le:xe crosses ';rod::c ed i:Ldic.J Led t'h.~!t ~1.~~1's 73081)-l 

and D-2 each h:Ad one d;?m an,; th.1: in the pollen ticrived from all ?.lrts of 

e ch 111 -int , the apm was in its :?cy;ive ,:'rlase in ne rly 511 of the pollen 
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grains that carried it. From the pne. otypes of the k rnels on soxe of 

these e,ars, it was first le rned th:?,t it -:I':s possible to di,ztinguish 

whether or not a uniforxly pi:;:,lented, e Ir-belrin?; pl-nt hzd no S;m iy: it 

or had an Apm th:!t w:.s in its i??:.ctive phase. T:,is is bec:.tuse Spm in its 

in:lctive phase, altll3-Jgh un :ble B&one to effec-t supyression of gene acti:Jn 

with the class I and czlss II s A,~-?-ces of a, m-l and to Pduc e rwt :.tion ;;i-th L J 

the cl,~,ss I states, beh.-lves as if it ;ziere in its active ,:h:lise alien it is in 

the sane nucleus :Cth an 5pm that is in its :-ictive phsxse. 1iowever, this 

associ:3tisn does not induce an alterztiun i. the Ph-:-se of activity of eithe 

dpm. Zhen the ;.cti-ie and injctive dprn eleixents we se re -:t:;d into 

differaent nuclei by the meiatic process, theacti-ve up eleL;e;-:t cwnti- ues 

in its act've p?iase whflreis the previously in-xtive $9, ele:~-ent re i+L,e'-zs 

in its in:ctive phase. I'llis t ,e of test is ,so effL$ctive th-lt it h-2s been 

used extensively i; succeeding years to dex;rri!iine whether or not an 

ini.ctive 3pm is present in 3 P:-lrt of 8 21:x-t th-:t exhibits no evictwee 

of the presence of tipm by the @henot_-;je of its stalk, 1 ,,a@,?3 ,or t.?.ssel. 

use of t.-is test h s m:-:de it ossible to ij-:se ,t the "-'I symbol in xiny of 

in ,a culture and the effectiveness ..,f e:xch test in det r,~.ining t;-e presence 



or absence of jpm in :-2 ;)lnnt and its ;::;sse of activity in the v :*iJtis 

tested p ,rts of a ,,l:nt, s?i<juld Lpm be -present in it. Zor t-‘is :~urpo e, 

tcsus of the cjro;:t'ny derived from the e':lr of the xain s l.:Ak of -Jl,znt 2 

71093-l (see S~j-:~bles 1 and 2) anti fro:: the e r of the i,lain .-2. ;.-~lk of -1'n-t 

7lOgC-4 (see tbles 1 and 4j may be described first, 

-,-erxels .l~fere s elec ted. from the fi-f>st be-r ok." the main 2-t lk of .:l:int 

7109bl-, Ihich w:is a 2 m-1 (class II) at/a2 bt, .ix +/wx 6pm in co:.sr;itutivn, 

zxd. the -zl.:ints groi:n from them ia the summer of 1957 received culture 

number 7456. The :jl::lnts in A, B, :-Lnd Z of tr;is culture were derived 

from unifor-.G,y ;?i:;lli.erited kernels, tkose in 1% and I3 frok tIie 3t cl,-:ss .:nd 

t;lose in Z fr:);:: th.e bt class. kl:~innss derived frti,;, B-t kernels exhibitkng 

the "diffuse-mottled" 2henot ;rJe were grz-;?n under Z of cubture 



SLlELll s,,:zjots or s;~ecks of pi%-r;ent in a non-pigucnted bzckg;roUtnd l>rere 

gram under D of culture 7456. The t;;;yes of test cross cs dxted &J:ith 

22 of t2e ;l:?.nts iz this cL;iture s e entereti in t-:<ble 5. In t ble 2~, 

un6er Yec.r 1957, is recorded the beh7.vi;;r of "pm in the cells givii-g rise 

to the tested e:zs in e ,C?i Of the Zpiil c7rr;,.iii;; 1 jl:~ts in w&Lure 7456. 
! 

For em,.& ear, the given symbol referring tol'.kctivity ph 6' of aprn -as i 

based upon the yhe- ot,-ges of keianels :tlJpza?ri.z:g on the e::rs der>ived from 

the crosses ente;_ed in t:lble 5O 

In t.ible 6 are gi-:-en th'& ty;:es of test cross th,-:.t we:e caA~d:lctzd with 

ck:u.ried 1 dym th,_:t wzs not 1iAed $50 eith r of t;iese :Aleles. I‘he 

ex:-i;bited the "dil~fu.se-nottl~dd' ::1;?z.ot, :,e. yJo;;e in d of caltwle 7455 

xere der-ived from Ct ku:-nels th:2* h?~:d s&,ots or s;;ecks or" wlor in z 

-%. 
colorles,: b-tck,r..i.,nd. .is t .bie 4 indic tes, e ch or' the 18 tested 

A 

iAL t of t::e tiller of pl:tnt H455C-5. 
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:$ ; ‘1 use of pollen tester ?l-lints t;r;:es 1, 2, 2nd 3, a..e ;i:en in t31e 7. 

A 

:dilks of the fil-st e-:r 0;: the m?in ::i;alk receive6 :'ollen from ::lc:nt 

w 
73083-2 hy i>e-3 tester) th:?,t was a2 bt/a,bt, wx +/wx dpm&ctive) in 

4 
y,q.-., 5 given 

c3rwtituti in. On t!;is ear, a 1 : 3 r3ti.,Aof uniforly 2iLi::-?ntted k ::n.els 

to colorless k\;rnels Ath s,:.ots or specks of pi...:zent. 
4 :iri:oni;' the l::tter , 

there Nere trlree distingishable cl< sses A.th res ect to numS+r :-:nd size 

exhiSit~-d a numbor of IJiiLi-!wt d <V , all of V-. ich were small in zrea 

1’ 
i@+p.W-1 

( 1’ 2 Apm i.,attern" ) and those thk1.t exhibited only small s,:ecks of ;ig;e:;t, 
clJ cm +qpJ?--, 

mJ often fery few 0:" them per kernel ( "Bigh dose 3pm pLltt,-rn'). lhe 
q 

distri:;. ti .ln of <ix and XX a~,ont the 4 cl,-i.!ses of kt: ziels on t is ear 



It is ,;aite probzble tll a:t the ce .Is of tl:? e:;dos err; of t .Ls k?r-i;_el h .ve 



Only 1 "pm in them becu-?-se Orily one oT the t.:ro nuclei delivered by the 
F fix jDAudk.~L&p\ /yuAd!w &i&4 Is+-- 

female gx.etophyte c.:rried an spm. 
A 

dhe othizr nucleus z+zg h veAlost Lpm 

e11 a 2 
m-1 (cl:5ss i1) c:xr. ing k rneis are uni;Yor!l;ly d, rk pi,; .?nted. I?0 

v-l‘ieg,-;;ted kernels s, gpe-.r on the= e rs. If, iiowever, -tLe testsr !ii .:nt is 
yppv * 

&? tjriJe 3, then,,half of the a2m-' kz-?nels are uniforlily d,-rk i;i;J..:~nteci ,ind 

h; 
% 

tre v:iEigI:ted: colorless xith s,:ots of pigrlent in them. 'ihe ;he:Lot. -;Jf? 

of the kernels on e*-'rs of+no 
\I 

"'pm pl .nts ix cxitu .'e 7456 it ,Yle 5 > ~6 of 

&L 
4 312nts in culture 7308~~ wjien crosses with tester A '. 

21.3 II-;:.; of t;TL; e 3 

T.t -.‘;c( th,-:,t is , ;pl!?Yi-,t 3 73OSD-1 or D-2) are given in A of t.ble 8. 3n tae errs 

of the two 2l.y.n us (71308A<-1 -tnd -L-2) t3 t were a2 m-1 FJt/q-l Bt the:'e were 

432 uniformly dwk colored h-e:-nels and 4@4 ke-rnels th c!t shoxed colored 

areas in a colorless background. -~xong the 13tter, a2 exhibited xany 
c qwLp&/q) 

giggi.!ented sgots, so.me of ttl:-ich were large in area. 
4 

~~ithin thcr, e 1 -Lrt,e 

piqleil?; ed ;-ge2s r , smiller colorless s;jots xere 'resent (see figure 1. 

Two of the v rie;;,--:-ted ke..*nels exhibited ;nly small s-!jots or SW of 

(~~~WplELd 
pig;..ent. among the 953 a2 m-l 

4 Bt cxrryirg 1;e:xels derived from:, th; zross 
Ii 64 Lihkm P$ -3 t&,l.Lb VW i)$%dq 

of the a2 m-l Bt/a2 bt plwts A, 475 tJe;-e unifor ly d.rk pigmented and 478 

xe:r>e colorless with allots of ?igxe;rlt in them. In 468 of the;c l:!tter, 



=;rnonc: the Lot21 of 1789 a2 m-l B-t kel.:-e.'-s in t .::%e 8.%, 907 were urA i'orl- iy 

the "1 ;Ipm" r,: ttern :.nd 12, or 1.35,,:, exhibi-tsd '3% :j<X ;t;rn ex;:re SE<(:-:;~hen 

The tjrpcs of kernels :sYLje ring on the e rs of ]>ltn1;s in c mlture 



33 

ihe 1 'i;ter k:'rnels co..ld re-.diijT be distributed,on tile b.JsLs of :.;:tern 

%e syl.ibolS descri-!Jing the bek vior of Z_nm in diffeJeel:t :a; ts of the 

pl.-J>zts in c-:zlture 7455,pl,=Lted in t ;i,le 4 (le.-r 1957), are b sed on the 



pheliot.' ~ =S of the k+::nels derived fro:i the test crosses described Above. 

a4 

in i: 3 i:titutL.:n. Zoyi.iever, - _ SIP~I evi ence 

derived ?Y~u teet crosses l;Jith e +ch, of the? prezeLLce of "pm i them. 
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(I(;415 Bt : 69 bt > -.nd 1533 ::Te c totlli;- c-,lorless (79 st : 1454 b-t). 

with t?:e o:;e fertile e :?.r it pr .J ciuc e d . "0th of the other tvo !:l ats 

de-; r.izze this, And tl.le;e :iere not co ducted. 
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th.2 t -;Je e subjected to testcro::,s ty?e-3, -Ln:% in 3 of t.i-Cjle 10 is given the 

th- t weye s!.::b,j ected to this test, tin e ~.ch ema in -A of t able 10, 

h::.lf were v riec, .-ted in th .t they showed either i:~>:~y s :sts of ?i.gmer;t in a 

colorless bil.ckground (:I1 3pm' g.:.ttern) or a few smnl; s;c:ts of s,?ecks of 

-pi<;:llent in a c lorless -background ("high dose" U;?m p .ttr+zn). i7he 

strikingly une,xual. jJhe gry t I:!-:jo?:ity 01 the ,:~x kernels exhibited the 

r-i TViz;Jority of ke:!-nels ezcnibiting the "diTf:l:;e-mo itied" p .e ot ;e b/?i*e wxp 

exhibitil the\‘1 &pm ?--t-tern of "\I 
s ots (178 ,x to 22 vx) 36 209 k r2eis 

s ots in t4iXlse k rne13 tll-tt received an active :Jprn from the tJTi_le-3 tester 



the ~::ZCS percet 'between -IX -ad 32m is sirr,il~ L' t.3 th t given by 
"h "\ 

pl:nta Gerived fro;;] the tillers of pl .nts 7109B-1 :!nd u-2 th,::t xe:?e 
i@+ Q&J!& 

,.- .;x +/wx apmfactive) and iilustx,ted iz tes-ts c~;:duct td with 2lTn-L 730%-4, 
A 

&c 
enter-e-d. in t .1:le 7. That this f:..ctor is "pm is 

4 
sh,;,;Jn by the phecoty?es 

of the lr rnels on &Brs of these :ind oth?,r ,~x,hx Dl-ilts L in CLiiture 7456 

th;>t we e protiuced front testcross ty;:fe-2. 'ihe types of kernels on the 
i\ 1' 

'd I' \ exrs tL:is crows produced are entered in t '..le 11. It \/Jill be nated in 

,‘..* this t- ble 93 :.qell 8s in t-:51e 12 (fr3::; t63tcross type-l) th-t the kc:nels 

on e '-1. r s traduced by the win s-c lk of theac ;?l:~n,s g;.~ve either no evidence -, 

of ti;;rn in any o..e of them or its presence -2~ s m:;i.CTe evi::e,t in 0Ay x v.ery 

few k?janels on !in e r. tin the e-:rs a:Grnduced b r the tillers, ~.zny alore 

lrernels showed the yresease of G;Jri ii; them :%nti ths nuni'u.Pr of th&? i;-;cre::*sed 

progressively, the l.~!~er the emcr,k.ence of the tiller frox the b ;:~n of the 
In otLer words, 



fhe evidei-ce obt.-~incd fro:.. the t?stcrozses tiescribed ?bo-,~e r;zkes it 

coJ:tribut-.d by t3e fe .:,-A.le i; ..+:.eto :k,yte , in e 7,ch of ,tJl:ich an L:-CC t;i-Je "pm 

iIl3ctive spm uniiel> thece circumst 'nces, tioes not uniT_rto th t p rticulc:.r 

ty;;e of LeiietiC 21-t erstidn wXch is respoi;si.tle for r, true ck::,e of its 

ph:xse of -Activity. It ex;resscs, follo~~;ii:-.l; l.ieio tic sei;regziti..;ri fron, 

LT &&J 
th 1-t tiA.s r2u.A Occur at sol-e ler:el i.:_ tkewe cells, aniL the f !ct t:;:lt t* 

- h7i.s 19 .’ :‘e it possible to test far the ::re :ezice of :2n i:::Lctive -,~rn 



q1e tests cc. sidered so f.,r 12 .ve &elt xith the bei; viol of ~~~lil ii1 

to tkose of the tillers. 

be st $ed here th.t gollerc c ilect+-d fro:.! the s':Lme $li'nt w'ls Y..:ed in ::l.,XiCg 

cro::S.--s to e-jic'f; of tk~ ears of ;l.,n-t 71092-l 2x2 thus, the diffe:lsnce 



in beti :-yjior of ti;?m in the jjro;> eny derived from kernels on the e':rs of 

tjlis !,:ll'i.nt c:inn0t be attributed t;, so..;e moGifyit_S f..:ctors ii-trodaced by 

tinc:.er re,,rs 1957, 1358, nnd 1960. In co: tr St to t.-12, &;I;, ~,;:t s i1-i i -;s 





on the e .rs ;;i=odlJc ed by 1 / li ZS ii2 C lture 7306,i ,IS high, beag 18.5 .,nd 

t -i s L :.y be a fefiec.ti n of the hi&h fre -xc?L:c;/~ of occurrtl-r;ee of p;l-exieiotic 

In 1957 ?l nts were gDo,dn under culture nunber 7307 from k2ranels on 

the e~,r 0.f tiller-2 of $iL2nt 710'3iL1 2nd the $1 :e of :ctivity 3f ";)rn 
hiving "'pm 

in the cells SiVL1.~ ri:;e to te3Led e I's 0 these ~~l:.nts~is shavn in 2 

eleilentin its cells. i]rlose in 23 of c:!itllre 7307 .;rere ($6 iv-d Ir,:: _ tile 

four k ,-.nels on t-:-is t .iler e-!r th 4 sh,J;,qed oil ~jr a few s;.:ecks of i(.4ent 
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-+6 

ri,:;; to t;le teste5 e TS of the .l ..iii;s in tlLese t-:ta cu&t Ares is recorded 

ix tctive i:.- .se an:~ i-t w :S linxed ,jith ./x (line 6, -%, t i:l e 16 ) . In the 

;jylil in 3ny o::e kzr?;el (line 7, -L, t :;:ie 16). In the c:i:E:l'=r of 1960, 

e .r th- t g ve no evidence of 3:n, <Jere sown uni!iir i 1.5d J of c:rCtwe 77770 

&ch of the sixteen ?L ;n-ts in c,;iture 7777 h:C one Sl?rn which '~1 ii; li .ed :Ji.- 

:s-x ( c , t-lble 2, Ye.:r 1360). -Al pl:.n-ts in i: and B sta&d develo,cent 

on the m:sia s ';_:lks of soze 0:' -Ike,.-e ;;l~:~ks. I'he til-krs 0I' ti,25e .i .:itS, 

ho-.:rcvsr, hzc! more suck sectors. ~'0llowi.n.~ tS:tcroo3 t,-?e-2, ten e3ra 





t3 



I- -i- 
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recjl.:bi snt clo.ssgs. 





srJeck of deep pigzent was ok:<eerved. &is is the %~pfxiMx* JAie,iot.. >e 



class I s-tc.te 33': th fully pig.!e~,ted phenot >e witL the cl;!ss II st ;e 

zre coiaJj3 r:a'ble e;;;ressions of the two t..ites of a2 m-l in the sb .e:ice of 

dprn or when it is present acd i:, its inxctive p&:se. 1h:L-t the 

inter3re-t%tion given ;a:.;ove of t'ne 3~~1 constit:ultion in ea,h of the lx0 

classes of v.rieg,ted kernels on the e ,r of y:,l-:nt 7547.:-l, entered in 

C of t:xble 17, is cox=rect is whoxn by the distriL,iti;n of .X -?JLti 'VX 

foll0.i L.:,g tes-tcross t,;i?e-2: 1 p;?le .'x : 22 p-ile wx : 14 v ;riFi. ted .,-x : 



I,l,-;,nt 7312-6, un,.t;r 1~ ‘r L957, u, t .le 2, 71 ::' rl co. s-iitutia 

siniil ,mi to ti: t of j:l:'iIt 7312-5, descrijvd .l'.ove. -;o.r:?ver, d?n in 

better 
be: ri:y; !T Zen-t. *n or?elz to o;:t iyl,evi ,e;;ce of the lot ti ,n of .~yn 



the >,l ;I;ts in ctiltilre 7582. rl:tr?t 7582-x, c:zrryTirig the class II s _ '.3 of 





Tiguezlted (127 ix : 117 wx) ?nd 19 5 ,ve eviclence of the :.resence of J?m 

same lot -L-ion in chr3rL3so .,)e 9 in both plant 71090-1 and 710yJ-2. 

derived from k.rnels on tl-,e e;:r OP the ..xW s:txLlr of .;:YL:;t 71OjL2 



;,l -!.YL-LS . *- co risoi-: of ii, t !.iJe 2 (cjLlt we 7456 j ,dith -i -t ~?L,le 3 

the e .rs of ~?lmts in c ltu?e 7309. de&s in successive eJezer:~tt-i;llS 

on tLe self-poliin .trd Y r oi:^ till. r-l of :l .xt 710-L&~ w re so-m uniiLr 

i. n 
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golli I. .,LL~ e r of 1 n-t 73083-2. .a descrlbec? e rikr, pl -nt 7309-Z :LLS 



culture 7538 rtxd -:Jith Lll-n;;s c.-.rryir,g; either ;i cl-,~s I or the cl-ss II 

m-l st te of a2 xrrd. either w&& no Oile or 2ore '-)L;m eleL!ei.2ts in 



ai 
kernels on t&e esr, the i,ioi:e kkirnels the e ,i e e t h L .J. t S:,O .ed Y “hi;,;ii aiim 



in A of c..!l. Lure 7570 c:~. ,e from kt feels th~rt ex iibited .mny .-,i;. eu:ted s :-ots 

pl 3n-t; s in cxltu-e 7570, as y& det r;.,ined by testcrosses cd d.-.;ccS?i, ,:/i.-t!: W, 



(39 :x : 93 wx 





developent of ttle -;;IL:2nt. Lhe ions a.-~rati ,n of tllc ;:i:ti-,iC3pll L-:e of 3pm 

likewise cli :z,lc-t rized i ,s LeYzvior in other 'l:tn.ts in c .iture 7308, .,s 



r 
3 ‘+ 



of them. In t.:ble 27, it ~rili be noted t;l~~.4; the ;iro,jijTti ,ri of such 

tests of its ,..ro;:eny ,;Jere c;i.~dcic-;rcl ho,-jever. 

of t,",e k 'r iel t;; jes on the e rs of this 111 ,.rit, tL-ee 33~1: ele,,ients :,J l' e 
presumedly 

cozsiC!sred to be liresent in it. L$iJo 0 f -thei,_ occu pied,~3lieiic ;;osit?-J;i_S 

in 3 pi:ir of hoi ;oloiues. it voi,.id be e;; m,ect._i:. th t e -ch ;J\. ifi be lot ved 

7573 l .i?he CCQIS ~;it~;ti.>n of -the to ted L;l.!z~-t;S in t.:is c - .ure, with 



i?henotype of i&me1 

deeply pigmented 
Plant r.~?<rt of 
Xumber pllnt 

te,;ted 3t - bt - 

9 

I: tiller-1 99 

)+ tiller-2 90 

11 tiller-3 121 

710g3-2tL*i :in :;:ralk 123 A 
\( tiller-2 124 

pollen 77 
L'&L 

71091=-l n-zin stalk 142 A 
,, tiller-l 91 

11 tiller-2 124 

‘L tiller-3 73 

7109C-2 m;in at~ilk 168 D' 
bl tiller-l 134 

pollen 176 
'"u- L, 

7109C-3 mtiin r;t?Ak 214 ?\ 
,, tiller-l 127 

\L tiller-2 114 

at 

19 

bt 3t 
0 6 

bt - 

133 

3 85 2 8 217 

8 95 2 4 145 

5 128 3 7 234 

13 ., 114 4 19 221 

8 133 8 22 251 

7 91 3 12 185 

7 81 6 13 216 

5 69 2 11 156 

4 125 7 17 233 

5 78 2 11 168 

13 81 5 23 271 

7 120 9 15 222 

7 153 12 23 337 

15 7 1 12 228 

4 111 4 7 243 

2 105 3 5 226 

4 38 0 5 137 

7 96 3 12 222 

"20 ts of g)i.g;:riient 
in non-~ig;;::eu:ted 
b::-ckc round 

:Golorless 

* ST& = ” R;’ 







Table 2 A . 

* activity in cells producing ears :ind pollen.oCcphnts,derived 

from kernels on e:z of main o-talk of plant 7109B-1 

Plant Number a location 

$irst e:q, 
main stalk 

va 

vd 
- <.: 

uecond 
ear, 
main ;;t;ilk 

Tiller Tiller IT i 
1 '2 / 

ller / Pollen 

d 
d 

d 
d 

vd 

d‘ 
a. 

Vd 

.., -- ----. / ~. 

I 

‘.,’ ,_ :. 
,~ .._ - , :- 

;‘. : 
: 

d 

, 

I 
I 

1 

/ 

I + + : t 
/ I 
6 

i 
d +: 

! I 
+ 

, 

+ : 

I 

:- . 

‘a_.* ., 
,, .” 

:. 

Ye r 1957, 
7456B-5 

" c-1 
u C-2 
It c-3 

‘dx +/wx u 
Z/Wx;l3gm 
Yx -t/W% = - - 
k/x +/wx m - - 
Llx +/wx & - - 
wx +/wx SJIJ - - 
wx t/wx SpJ - - 
T/X +/wx Q 
K/xx;1 * 
wx +/wx SJg - - 
J:/x t/w% a - - 
wx -t/wx SJXJ - - 

Vd 

(+ -1 

Vd 

.:.. 
. ~& : 

Vd 

Vd 

a 

Vd 

vd 
It c-4 
n D-l 
M D-2 
bl D-3 
u D-4 
u D-5 
u D-7 
11 E-2 

Vd 

Vd 

vd 

Year 1958 
7600-l 

11 -2 
" -3 b& +ywx sp&l 
'1 -4 wx +/wx w - - 
'1 -5 xx t/wx SJg 
11 - 6 Z/%,x~l SJXJ 
I'- 7 
11 -8 
" -9 b& +-/wx Spm 
n -11 & -t/s 2 
II -12 !;ix +/wx Spm 

-- -__. ..- 
7598-7 wx +/wx * _, 

I( -8 z/%x;1 m 
,.. .__ - ___--- ---.---- 

7599A-1 wx +/wx m - - 

/ 
I 

a 

/ 
: u A-2 wx t/wx &l ., .:;;- .,.. j _ fl s-3, 

j. 
bx i/wx s&l '- .' ~ - .- 

I II A-4 . ux +/wx a 
! 

. :: ",2 E)':!xy-1 SJgl 
c - ._- -, ,wx +/wx m _ -_?rzz.-- - . 
u B-l wx +/tix'm 7 - 
n B-2 wx t/wx u - - 
N B-3 G t/vi% sm 
M B-4 wx +/wx w - - -_ 

+ 

+ 

d 
+ 
d 
+ 

(+ -1 

Year 1960 

77808-l Wx am/wx Sgn-l - 
" A-2 _ wx ws SJgl 
I' A-3 wx sJxtl/wx Spm 
It A-4 ii Spm/wx Z&g 
u A-5 iix SJlnJwx m - - 
'I A-6 Wx %m/wx sym - 
I1 A-7 Wx Ypm/wx Spm 
6-kl-8 - Vx Spm wx Spm 
" h-3 SE Wx Spm/wx 
" n-10 wx sgnywx a - - 
N B-l wx G-/wx Spm - 
u B-Z Llx +/wx SJgl - - 

- d 
d 
+ 

n B-3 wx -t/W% a ; - - 
4' B-4 wx i/wx SJgl / Vd - - 
u B-5 ‘i/X i-/wx Snm - -I +. 
n B-6 xx +/wx SJg d - - ( 11 B-7 Wx t/w% SE t 
1;' ILn :!s I-/w>: %-;pE .~. 

+ 

+ 
+ 

+ 
+ 

+ 

I 
I 
1 

+ I + 

d 
t 

+ 



Urigin of plats in 11 of t ble 2 

Chlture 7456: i?rom kd !mls c)l; fir:st e 'r of i.,?in s i; ;lk of lJltnt 7109d-1 

ch?oss : 7105&1 t2m-1 (cl-m II) wl, bt; 5 T/Z &g $ x g2 wt/n_, bt L- 
?ix/.k, nom61. 

rl,intj ix R: r'rom unifirjIA;: dmt, pigmented, ,Bt, ix kernels. - 
:'Y U,: horn dilf;lse-filottled, 3t, AX k~.rnels. - 
3: r'rom colorles;s, 3t, ix kernels - ;/lit-1 ~~a.11 s ots of :Aee> 

pig:ient. 
2' . U. 2rou uniZorl...iy 2-ig:e:;tzci, bt -x Ker:.1 els . -3 L 

Julture 7600: From uni!-or:Y y dee; .-~igj:irien-t65d kerrlcls on e 172 o_" tiller-l 

Julture 7599: 2rom kernels or, e'~!r ;)rtid.uced bJ CrOL;S Of ‘3 L2 bt/g2 bt, z&x/, 

no jpn Ex 7$56&5 CT (see cuitu-e 7598). 
kl -in-t s in AL $rom diffu>;e-mottled, 5, .U~X k. ~t7iielS. - 

B: zrorn c..:lorless, B, ,'{x or -;';:eit: .;litI; s ots :)I' 3-,2CkS gf - 
pig::;ent. 



Table 2 B 

s activity in cells prod-acing e'-;.rs znd ;,ollen,of .: 

nuI;ib er 
Year 1957 

7306&i-1 
" A-2 

T '1 ;'L-3 
iI A-4 
" A-5 
II A- 6 

T r, B-l 

T H B-2 

from keTnels on t&e e'-lr of tiller-l of Plant 71093-l 

i;pm location 

Yetttr 1958 

'p fi -3 d&?x; l& 
T " -4 &hx; 23gl 

" -5 

T '1 -6 

--ietivity of m 

hived 

i :;,-:in st.-;-lk i ma1n s; ik. ti ler tiller tiller rollen 
2 3 

+ 

+ 

+ 

+ 

+ -t- + + + -i- + + + + 

+ + + + 

+ 

va 
+ -I- 

+ 
+ 

vd 
+ + 

+ 

+ 

+ 



"rigin of plmts iri Z of .tm.ble 2 

hlture 7306: 2rom kernels on eqr of tiller-l of plint 71093-l. 
Cross: .2- h-l(cl.3.ss II) Bt/+ bt, :.'x +/& 3pm $L x "-* bt/+ bt, .:x,/:x, 

no* $. 
Plants in ;i: From colorless, I& ,:x kt:-rels with a nu:z'r!er of s-:3tS Of - 

piglent . 
3: Pr0m colorless, BJ, .ix kerr-els uith on:Ly :I few s;?ecks of - 

pigpert. 

Culture 7560: &-op. k?r?-;els on secl!nd e r of main sb1k of s:znt 7306.x-1. 
Zross: .2- m-1 ~cl:i.ss II) Yt/El, bt, ,;k +/z * $ x g2 bt/a, bt, 

~/La, no-g. 



Table 2 C 

Activity of & in cells producing ears and pollen. S~IIJ derived 

from kernels on ear of tiller-2of plant 7109B-1 

A?l:Lnt 
number 

Ye tr 1957. 
7307A-1 

" B-2. 

11 A-3 

I' A-4 
u A-5 
" A-6 
II B-l 
II B-2 

T (( B-3 

T 1, B-4 

Year 1958 
7561-l 

4 -2 
11 -3 

'1 -4 
" -5 

7562-l 
'1 -2 
11 -3 

7572-l 
11 -2 

" ,-3 
I '1 -4 

" -5~ 
1' -6 
11 -7 

Year 1960 
7777A-1 

n A-2 
)1 h-3 

n A-4 
'1 'B-1 
H B-2 
I' B-3 

fl B-4 
" C-l 
fl c-2 
n c-3 
11 c-4 
" D-l 
l' D-2 
u D-3 
u D-4 

w location 

1 * wx/wx ; 
3 +/z t&l 
wx +/wx m - - 
& +/= m 
:Jx +/wx Spm 
wx +/wx sJlI& - - 
b& +/wx Spm 
wx +/wx Q - 
wx +/ wx & - - 

plus 1 m 
wx +/wx Spm 

plus 1 SJIJ 

g 45&l&J= #g-s* 
wx s.dm/lwx: d 
wx wwx + - - 
Wx Spm/wx + 
wx sJ&s + - 
2 Spm/wx + 
wx S pm/wx + - 
wx Spnl/wx + - 

wx +/wx sJ3n-l - - 
2 +/wx Spm 
wx +/wx Spm 
wwx ; w ,I 
wx -t/WX SJIIJ - a 
G +/wx sJ& - 
& +/wx m - .- i 

2 Spm/wx + 
wx SJmJwx + - - 
Wx Spm/wx + 
Wx Spm/wx + - 
Wx Spm/wx + 
iix L&mJwx + - - 
Wx am/wx -f - 
wx sJ3l&x + - - 
wx SJXJWX + - - 
Wx 2m/wx + - 
wx sJ-&E + - 
& 3m/wx + 
Fix SJJWX + - - 
Wx *m/wx + 
Z Spm/wx -t 
& sgnJ"X + - 

: 

First ear 
mnin st,tLk 

d 
+ 
+ .,.;'I 

+ 
+ I tm 
+ 
+ 
+ 

+ + 

+ f 

va 

\ +--, 
() -) .\.\?Y 

+ 

+ 

+ 

+ 

+ 

+ 

Vd 

vd . 

+ 

-. ; 
in 

,’ ,+-’ : 

vd 
Vd 

,  

Activity of % --- -- 
jecond ear 
Inin s'talk 

Xi-r of 
tiller 

1 

+ 

+ 

+ 
., r- ', + /.*. 

+ + 

Vd 

+ 

+ 

.+ 

d 

d 

-__ 
Ear of 
tiller 

2 

lhr of 
tiller 

3 

+ + 

pollen 



Origin of 21.ints in C of t,ble 2. 

hlture 7307: r'rom kernels on eir of tiller-2 of IJl,~lnt 71093-l. 
Gross: '2- "-I- (cii-?.ss II) Bt/g2 bt, & -I-/wx ipm 5 x a+ bt/s? bt, 

.&/Lix, 
- 

no13pm fl. 
i-'lznts in Ai: horn colorless, Et, .:x k.?-ne is - ;Jith 9 nu..;ber oi‘ sns:Ll 

gig!i,entcd s ,: I,-ts . 
yr! : L"rom colorless, Bt, fi k2rnols .::it'n olzlji ‘1. few sn~ll 

s;?ecks of ;1i ~.Y;efit . 

Xiture 7561: &or:1 2;~jy~i~ls on first e r of r;2in S:t .ik of ..1.>.nt 7307.&-3. 
Jross : 22- A m-1'G;2 bt, ;ix +/z jpm i$ x a2 bt/a2 bt, wx/wx, no d'prn Lr7. 

2jl:Lnts derived fro;r colorless, 3, ,ix k rzeis - f.it.h a nuher of s::!.~ll 
spots of JJisi8;en-t. 

Culture 7562: ;"rom kernels on first ear of ma>in s ;, .Ik of ;,lsnt 73O7-l-5. 
Cross: z2- m-l(clnss II) at/g2 bt, 2 -t/s LiJg .$ x gi bt/a2 bt, ;\rx/:, 

no3pm 67. 
-?lFints derived l"rom colorless, z, ,t'x k!?rr?els - :"qit;l yL nu;;,':,er of s,,;jdil 

yigzlented ~~0:s. 

Culture 7572: Prom kernels on secj:;d e >r, main st Ilk, of ?l-?nt 73075-2. 
CJr~cs - " . ;ty- m-1(clw3s II) Yt/g, bt, 2 t/E jpm q x '2 bt/a, bt, s,'&, 

no* EJ. 
Plants derived fro!:1 colorless, _i;t, dx ktrnels with oniy fey<? s,:eci<s of - 

pig:::ient. 

Culture 7777 : Zee test, jyi,ge for tiescr 
t.& LS culture. 

i-;tion of ori:l;iX of rl xy:ts in 



;,ctivity of - in cells ;:roduci;:g e rs 2nd pollen. 

from pollen of giant 7109B-1 

.Lctivity of ADrn 

rl 2nt 
number 

Year 1957 
7312-l 

'1 -3 
'1 -4 

" -5 
f' -6 

731321-l 
II ;i - 2 

' B-l 
" B-2 

1' j-j-3 
T f' E-4 

if a-5 

Year 1958 
7547A-1 

II ;ii- 2 

" 2% -3 
" A -4 
'1 '. i* -5 
it B 

'I ;:- 1 
!I il-2 

7582ii 
t~ B-l 
" c-2 

'I 13-3 

-;pm location First e,r Aecond e_.r ti:nr of jar of ;l;nr of 
msin st !.lk win st :lk tiller tiller tiller pollen 

1 2 3 

Rot tested 
1) 'I 
I’ I’ + 

;ix +/wx Spm + - - 
‘9X s/z +g Vd 

- 

Sot tested vd 
.rX +/wx Spm vd - - 
&$ i-/E 3Jln-l d 
Jot te.;ted vd 
,ix -t/wx * +d 
2wx-F *,mafin + + 
ix -t/wx aJIm, 
-tilierlT;-2. 
ij,/,j,;lLipm 

i& dgaJw:.r + - 

‘AX +/wx SJXJ - - 
ix +/wx dl?m I -- 
:fx f/WX Spm - - 
:v’x +/z jpm - 

+ + 

+ 

+ 

vd 

d 
+ 

vd ‘l’d 

+ 

+ 

+ 

+ 

d 

+ 

d 



Origin of plants in D of t>.ble 2. 

Julture 7312: i?rorn kernels on e:m;r pod~~ced by 
Cross: 22- m-l(class I) Bt/z2 b& &wx, no-$x >l.i.nt 7109S-1 8, 

JYl.ilnts derived from Bt, :;Ix, kc:_rnels h ving &zg 2nd both the Cl:LSS I 
and :=l:~ss 11 st tes of ',3@l. 

Gulture 7313: 9rom ke;nels on ear produced by 
cross : .A2 13t/Ei2 bt, d&m, no m $x 710gB-1 fl. 

Llants in A~ znd B derived from c;jlorless, B-L, Ax ktrnels ;Jith s*;:;e - 
pig!:lented s.g,ots and specks. 

Alture 7547: .prom kernels on first e,>r of main s i;?ik of : 1rJn.t 7312-5. 
Gross : $- m-1 (Cl?SS I) Lq &2=l(ol<ass II) Bt, .;x +/ls ;;;pm + x L+ btja2 

b-t, wx/=, no a ~1~ 
Tlants in d: &-on vrzriegtted, 3t, ;ix kernels h.-.v.i!ig the clatss 1 

m-l st .te of zi2- . 
B and C: ?rom colorless, St, ;x k,srnels vith s!-~,ll s ots L 

?iigncnt (class II sttte). 

cl‘ulture 7582: j?-po~l kc-lrlzels on first e'-:r, mr1i.n SX'Lk of pl--tnt 7312-6. 
Cross: g2- m-l(clXss I) ;jt/ &(clzss II) Et, ;;r, -t/E jpn $ x 

s2 bt/g2 b-t, ;lx/&, no aG7. 
>lsnts in i-r: Prom colorless, Bt, L rx k ;-nels -~iti~ s.~;~l,l piz::ientc:d 

spots (class II st.te). 
B: Y?rom unifor;.;ly p,:.le Pigented i class I st ;ze ) , E, ,;X - 

kernels. 



Table 3 A 

iictivity of* 41m in cells producing e rs. 
k ~~.~-telsTi p:m of main 

m derived from 
:;i;cllk of l,?nt 71093-2 -_.-. - _. .--~- - ~. 

21 int * loc:ition .Lctivi-ty of a --..- 
number , 

First ear, bee 2nd ear L.-:r oi Ear' of 2 r of 
m :. i n s t .Ib rr!lin st-slk tiller tiller tiller 

1 2 3 
Year 1957 

73ogs-1 ( ;iix -t/wx b5gJ - - 
11 a-2 ( ,j +/z Jpn) 
II ii- 3 .;i=c +/w& * 
II A-4 
!’ ;L-5 ;ir, +/wx Spm d 
" A-6 ':7x +/wx ;;pm vd vd - - 
” A-7 (s +/z spm) 
II ’ ii- 8 ,;ix +/wx sr?m + - II 
” x -9 &+/Ejpm d 

+ 

+ vd "' 
+ + 



I‘ 
7 _ --. _.__ 

1 : 

I Table 3 B 

I 
' Activity of h in cells producing ertrs and pollen. SJI& derived from 

self-pollinated ear of tiller-l of plnnt 7109B-2 

&l 
far of 
;iller 

1 

+ Ii'lL 

+ 

+ 
I- # 

I-++ 

~.~ .__ 

+ 
+ 

+ 
+ 
+ 

+ 
.,1, .- 

+ . 

Activity of . 
Plant & location hrst ear, Second enr 
tiumber main stalk main stalk 

--_. _. 
kir of 
iller 

2 

ar of 
iller 

+ 

-I- 
+ + 

1 
I 
I 
I 
I 

, 

\ 
I 

j 
: 

I 
! 
/ 

+ ! + 

+ : 

I 

+ i 

+ i 

I 

._: i -: 
I 

+ ‘.’ 

+ + 
‘I/If. 

Year 1957 I 
wx +/wx SJg 

I 
7308A-4 + 1 i', (_I : + 'i 1 I .: - - 

ll A-5 

u B-l 
Wx +/wx Spm - 
B +/wx Spm 
"I / s 
E+tEt-t*] 
3 +/wx Y-pm 
+&8p&/wx "c$q& - -- 

d 
+ 

+ + 
+ 

+ + 

H B-2 
T H B-3 

H B-4 
T u C-l 
: " c-2 

-I- + 

+ + 

+ I + 

+ + 

+ -k 

wx Spm/wx Spm - ! 
wx sJ&wx +,&b ! 

1SJJ 
wx SJnJwx &rJ : - - 

11 c-3 

T (( c-4 

” c-5 + + 
T 1' c-6 vx ZJlywx u 

plus 1-a 
i C.,!. 

+ + +?:I: ! ! ++‘+ 

w D-l wx +/wx SJlJ - - 
N D-Z i#x +/wx & - - _. ___ ---.__------ ------ -- -. 

Year 1958 
7570d-1 wx +/wx * - - 

" A-2 wx +/wx & - - 
" a-3 wx +/wx s pm - 
u A-4 :'(x +/= a 

" A-5 wx +/wx L&n - - 
H a-6 wx +/wx SJg 

T fl h-7 G&x;1 SJ& 
T u A-8 wx +/wx m : - - 

plus 1 - 

: '_ 

" CT wx SpJwx sJ& - - 

d 
+ 
+ 

+ 
+ 

'+ + 
+ 

' : .'+ .. 

+ . + 1. 1, i -. .._-.-. .._ -~. :- 

+ + 
+ 

‘:+ * 

':.+ + 
i :'I 

7563A-1 v& 2m/wx + 
T "k-2 ‘“lx/wx; 1 a 

la k-3 #xws+ 

" A-4 Xx Spm/wx + 
t~ A-5 Wx L&m/wx + 
' B-l wx spm\wx + 

I+’ 

.+ + 

+ 
vd 

+ 
+ 
+ 
+ 
+ 

/ + 

j + 

+ 

+ 

+ 

-4 

+ 

+ 

+ 

+ 

7546-l 
" -2 
1' -3 

" -4 
2 -5 
" -6 
'1 -7 

T '1 -8 

+ 

I 
1 + 

I 
I + -t 

:+ : , 

I ! 

I 
+ / 

I 

NA v-d 

11 -9 Wx + $/wx 3m *,+ - - '. 
r- '1 - 10 Wx +/wx Spm - 

,I - 11 1 i m +/wx Spm i 
fl -12 'rlx +/wx SJllJ I + - - 

rlzd( 
7554A-1 Nx +/wx SJJ - - {-+z=s$ 

" n-j ‘:lx +/wx ti - - 



; + 
j 

.+ + 

! 

t t 
+ 

+ + 
! + 

+ -I- !+ + 

+ 

+ + j 

3 + ; + 
f -t 
+ i- 

+ -I- ; 

+ + 
I 
/ 

-‘, i 

+++ ,-I- t + + + +12. 

v D-l wx +/wx SJXJ - 
u D-2 wx +/wx * - - 

-.-. -._ _-..--.-_ _--- .._ - ,__ _- 
Year 1958 

75708-l & +/wx Spm 
" A-2 \Ilx +/wx & - 
u A-3 wx +/wx SE - 
' A-4 & -t/wx Spm 
" A-5 wx t/wx Spm 
" A-6 & t/wx SE 

T " A-7 wx/wx; 1 $& 
T u A-8 wx +/= sJrr&l 

plus 1 sJX&l 
n B-l wx SgJwx + - - 
"..&2 1 .wx YpmJ\;lx t - 
" 3-i: '4~2, &#&w&,* ' 
" c. 

__, 

+ I+ 

+ 

d + 
+ i + 

+ 
I 

+ 

+ j 

+ I 

+ : 

+ + 

I 
+ + i + + 

+ 

+ ; > . 

+ + 
‘IilL ; 

..’ 

:. ‘-+ + 
‘! ‘r 1-l 

.._. 

+ ’ -i 
‘7 1, / 

I- 
-1 

/’ . 

..____ 

7563A-1 
T "A-2 

u A-3 
H A-4 
u A-5 
I8 13-l 
u B-2 .> .i -1 . 

7546-l 
" -2 
18 -3 

" -4 
e -5 
'1 -6 
11 -7 

!I? H -8 

-- .--- --.- -_-_ .-.-.- 
wx sJ&wx + 
z&h; TSpm 
wx sJ&wx t - - 
wx SJnJwx + - - 
wx SJlllJwx + - - 
wx Spm/wx + - - 
killlJ/W++ 8 ,,- ‘i, , .-_ 
& +/wx SJJ - 
& +/wx s&r-l - 
Wx +/wx Spm 
wx +/wx Spm - 
& -t/wx SE 
wx/vx; 1 & 
dx +/wx Spm - 
WX v wx * - - 
P-+3-. 

+ + ‘+ 

+ 

vd 
+ 
+ 
t 
-I- 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

I- 

+ 

+ 

+ 

I .i t 
+ 2. 

+ 
+ 

+ 

+ 

+ 

+ 

+ : + 
I 

+ 
+ 

fl - 10 & +/wx Spm 
" - 11 Wx+/wxSpm - - 
It -12 ',lx t/z * 

+ 
+ + 

rti \ Vd 

V!J 

+ + 
+ -I- 

vd 
vd 

d a 
+ + 
+ + 

+ -I- 

+ + 

+ i- 

+ 

va 
+ 
d 

” A-3 I, I 
I' A-4 II 
M A-5 II 
n A-6 II 

' B-l _ _ wx +/wx SgJl 
u B-3 wx -t/wx SJIJ - - 
u B-4 &c t/wx sg 
H B-5 g -t/wx Spm 

a 
+ 

+ 









in 

ii1 :xnt 
nurrlb er 

Year 1958 
7564-l 

II -2 
" -3 

II -4 
" -5 

7565A-1 
" a-2 
+ A- 3 
" _-+-4 
t' 11-5 
I' 3-l 
1' J-j-2 

756611-l 
i' ;,-2 

" A -3 
it ..i-4 
11 ;I- 5 

T " B 

T 7567 

7568 

c,<) !s-tit_nti n. 

& locztion 

.;x +/wx ;pm. 
Lix +/wx ;jpm - - 
i&$ i/WX dpm 
,,ix +/wx jprn - - 
‘Yi X +/wx j;pm - - 

,ix/.- 
.;x +/wx 33n: - -- 
z t/z &g 
‘;:Jx +/wx 5pm 
:,‘x f/WX h;pm - - 
#“IX +/wx =jpnl 
zJwy-9ql 

$;x +/wx I;ipm - - 
>lUS 2 Spm 

.ictivity of Am 

;;i.r$t e :r hjecond es.r Jar of zhr of Air of 
m-in ot.lk mnin stilk tiller tiller tiller 2sollen 

1 2 3 
+ + + 
+ + 
+ 
+ + 
+ 

d 
(+ -1 

vd 
+ 

vd 
vd 

+ 

(+ -1 
+ 
d 
+ 
-t 

i- + + 

+ + -k 

0 

+ 
(+d-) + 

vd 
+ 
+ 
+ 

vd 

+ 

+ 

+ + 

+++ 

0 



- 

II Ai -3 

" ;;-5 
” I3 
” c 

7607-l 
” -2 
” -3 
” -4 
1’ -5 
If -6 

/ wx wx; 1 jpm 
II 

II 

II 

II 

(1 

II 

II 

1' 

II 

if 

I’ 

‘I 1 “Spm 

II 

II 1Spm 
II 

11 vd 

II 
lspm 

1' 

if 

+ 

+ 

vd 
+ 

+ 

vd 
vd 

+ 

d 

vd 

7585~-1 
!I A-2 
II A- 3 

" ii-4 

II A.- 5 
II i-8 
” B-1 

” B-2 
” B-3 
” j-j-4 
” 13-5 
‘1 B-6 

7 588A-1 
:I 

ii.- 2 
( B-1 
" 3-2 
" G-1 

II c-2 
1' ?-J-l 
" 3-2 

.<x +/vs SJIJ - 
<ix +/wx jpm - - 
:‘i x i/wx bJgl - v 
:::x +/z ;urn - 
,iix -I-/E ;;jpm 
‘;lx +/wx * - - 
*ix +/wx ;Ipm - _I 

plus 1 s 
;:x +/wx AJ& - v 
I :4X +/wx Spill - - 

dx +/wx ;jpm - B 
rix +/wx * - - 
‘i/X +/wx * - v 

vd 
+ 

vd 
vd 

+ 
d vd 

d - 
+ 

vd 
+ 

vd 

vd 
+ 
+ 

+ - 

+ - 

+ 

Vs). 

+ 

vd 
+ 

+ - t - 

+ 

+ 



If A-2 
" -4-3 
'I A-4 

:I i:L - 5 
" ii-f5 

" A-7 
II B-l 
" B-2 

T " 13-3 
T " B-4 

" j-j-5 
" B-6 

+ - 

vd 
d 

+ d 
+ - 

vd 
vd 
d 
+ 
+ 

d 
d 

- d 
+ - 

7556 .iX +JX 

plus 1 SJg -t -k + + 
- -.I__.- -.--- ---- -- -. 

Year 1960 
7778-c-l 

1, A-L. 3 

" A-3 
II AL.dq. 
II ;-A-5 
'I -", -6 
II 

r). -7 
II A- 8 
" B 
u c-2 
if v'- 3 
:I I>- 4 

" G-5 
fr jj 

77811: 

!:q/;.JX 
II 

:I 

:I 

II 

II 

II 

it 

1' 

:t 

Cl 

II 

!I 

vd 

d 

+ 

+ 

-t 

+ 

t + 









+ 

+ 



+ 
+ 
+ 

+ 

LL 
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i 



+ 



-r .- Ii 
-T--z-&I: .--I_---- 

1- + 

. .---.. .l--- ..-. __.-- __-. “-.- 

&~hoLy fi ml ii/& I __..-._ -- _. ^. II.- - . -. “.. 
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1 I 

/ I 
I ! _ 
I I 
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? b u’3 . ----._-- ^. .- ,^,. “_--- .-.... .” -- .I _. ._ . I I__ .DzF-zz:...: 
=I i 
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I’ 
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.Lble 5. 

see -+., t ble 2). 

rollen of 

Test crosses co-;ducted ;ri.th &rnts in culture 7456 
Cozstituti;n of tester plants: 

Lype-l ~2btJt32 b-t, ,jx/‘&, no m. 
Type-2 it II dwx, 
Type-3 If II wx +/z ;jpm ( active pix,s e - 

iype of tester used as pollen 
- -...~ 13-;rent in cross to 

Elant Gonstitution of First e&r Jecond 'i&r of .iar of &a- of plant 7456 

iiUr,itaer xjl .-a-t m:riin e'-;r, tiller tiller tiller to tester 
.c;tm,lk rnxin 1 2 3 tjrpe 

stalk 

jx/‘.jx, no slnm 
a&lx, no 5 
Ax-kc, no a 
&/3x, no d'-Drn 
?&/&, no jon; 
dxJ'rjX, no jpm 
& tjx,no a 

A- l 

:i- 2 
A-3 
i-4 
B-l 
3-2 
s-3 
s-5 
B-6 

G-1 

c-2 
;‘- 3 

G-4 
D-1 
D-2 
J-3 

a-4 
D-5 
G-7 
A:- 1 
:\ U- 2 
X-3 

1 
2 2 

3 
3 
3 
3 

1 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
2 
3 
1 

2 :;lx - +/wx jpm - 
&JWX ) no test 
forin,.ctive a 

1 
1 
2 
2 

1 
1 

2 2 
1 

1 1 1 

3 L.. 2 

3 1 3 



3 
i 

3 

I 

I 

a 

3 
1 

3 

I 



Part of 
p1:at 
730-&L-4 
t e 9 t c d 

Cor:stit9tion 
of I,:-:.le in 
cross 

Pirst e3r Type 3 
m ,in stalk 

Xller e r Type-1 142 - 

Phenot -- ,e of Kernel 

Unifor ily 'colorless :/it-h s;:ots or specks of pi;;mont 
,c)igile;?ted -_---- ._ _..__.- -_ -.- -- - ---.-- ___I_ 

r 1 &;>m p~~.ttern 2 spm prittern iIi.gh dose 5pm p?~ 

70 6 169 9 10 68 3 75 0 

107 14 0 

1 

0 12 115 

135 - 

0 

4 

Type-2 : 

Type-?: 

II il ; wxJwx;noE&g 

II II 
; - PIX +/WX Spm-:active 

2 0 

0 



I 



&33 ; IX 
i.50 ” il 

P-to, 17 
27 . -3 

13b: 4 

3s: Y 
4,. 3 

83 : Ic 

k;% ” 

2,. 7 
3 

;: Ib 

L’ 7 

d at) 
aL F 

/%3 

3 3 
ITL 

73 

‘t : i.3 Z’Y , 



‘2% c, 
Y 3 

I 
3 

c 
L 

I 
t 

c 
a 

4 
3 



y&3 745bC-3 tpJnC”-.j 

-+ t- L 
..“. ., LT.. .” ; ._,_ -. L-3 -.-_ 

l;alR-1 i7,,,R-3 “I “?IR-4 
^ _. * ..l.l- I I.-, -.-- 

i 0 I 
I I c 

t 

, 

3 
3’ 

? 4 
5 t 

c 
L 

3 
0 

t 
kLt 

0 L C 

c . 5 a- 

9 
I a 

2 
3 



6r! ( 3 ----.--- 



dark -' ,";sny colored 
colored s Dots 'j s r;-H v p& 

I Solorler;s 
\lumbcr of 

e:xrs 

3 

12 

13 

3t bt - 

466 - 

St $J - 

437 

7 "I..9 42 

Bt 'ct E b-t - - 

4 0 

21 0 - -..--- ---.- 
2-5 

101 1606 338e 812 57 
. 

1335 

1242 5011 

not li.nked 1,2rith 226 773 66 768 41 249 3062 6706 18 

5 378: 35 179 18 198 14 77 839 1738 

258 463 



LL ) 

5) 

6) 

‘342 sj4Q 33 23 181 165 10 16 167 170 9 51 55 4-l 1336 

194 184 17, 22 162 17 16 2 25 173 4 10 I 39 38 839 

64 56 - 36 5 " 7 5 39 - - 253 











12.3 - 5- 

S5L - II 

i 553 5.2 



. 

357 36 i3 a. 36 235- 3 IE 2-I a3 577 lLJ3 
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\I 
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I9 

14 

J-13 
Ii;4 
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d. a 
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j I4 

: - 
j 3 

3 

i’ 

7 -3 r I 

Y ‘I 

37: I 

ti i) 

i ,  

4 -. .  __. 

i r ” 



vi‘ 7 13: 324 , 



53 

1% 

3 

3:o 

b :Y 

“I :/a 

3.3 

IL. 14 



!: . I-henot. :, es ol” kerneis oc ear of e.=Ich of three ‘ix +/ wx 4~~1 pPn5s in 
culture 7546 produced by cross with :z l:ti-lt ho.iozygows for zl, bt, %inc’ NX, 
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KEY TO PROGENY TESTS: TRqNSPOSITION OF Spm IN THE &lm-l CULTURES 

1. Progeny of self-pollinated e;tr of plant 6629A-4 (x wx +). Page 

2. Progeny of plant 6629A-8 (L Fprn Spm/x + +> = culture 6676 Table 31 

3. Progeny of plant 6629A-2 (g Spm Spm/y. + +,plus 2 non-linked Z&m) 

Tiller ear = culture 6667, Table 32 
First ear, main stalk = culture 6668, Table 34 

4. Progeny of plant 6667F-11 ( L Spm Spm/x + +) = culture 6884, Table 33 

5. frogeny of plant 6668C-6 (Pr +/E SJZU) - = culture 6877, Table 34 

6. Progeny of plant 6668C-3 (V& +/s Spm plus 1 non-linked Spm), '- oult;df;e 6872, table 35 

70 Progeny of plant 68728-12 (Wx Spm/wx +> = - culture 7285, tables 36 to 38 

8. Progeny of second ear, main stalk of plant 72854-l (Wx Spm/wx +> - - = culture 7330, feables 39+41 

9. Progeny of ear of tiller of plant 7285A-1 (wx/wx; 1 Spm) = culture 7331, table 42 

10. Progeny of second ear, main stalk of&ant 72858-2 (Wx +-/wx +> - - = culture 7332, tables 39 ti41 

ll. Progeny of tiller ear of plant 72854-7 (Wx SJXJ/E +) = culture 7333, tables 39 to 41 

13. Progeny of first ear, main stalk, of plant 7285B-6 (& SJ&WX +) - = culture 7334, tables 39 to 41 

l&, Progeny of plant 6666C-7 (See table 26) = culture 6895. See pages 

15. Progeny of plant 6895A-1 (x spm/x +) = culture 7260, table 43 

16. Progeny of plant 6895B-3 (Wx Spm/ wx +) = culture 7261, table 44 



17. Progeny of plant 6704B-4 (x wx +) = culture 6888, table 45 

18. Progeny of plant 66298-5 (g Spm Spm/y, + + plus 1 &m, not linked to g) = cultures 6671, 6672, 
table 46 

19. Progeny of plant 6671F-2 (& +/wx sPm_) - = culture 6873, table 47 

20. Progeny of plant 6666C-2 from first ear of main stalk. See Table 26 = culture 6869, table 48 

21. Progeny ofplant 6665G-16 (gx; 1 SJIJ) (See table 24) = culture 6866, table 49 

22. Progeny of plant 6665G-21 (vx; 1 SJNJ) (See table 24) - --'I', 

From self-pollinated ear of tiller = culture 6863, table 50 
From testcross ear = culture 6867, table 50 

23. Progeny of plant 66653-10 (qx; 2 Spm) (See table 26) 

From first ear, main stalk = culture 6864, table 51 
From ear of tiller = culture 6865, table 51 

24. Progeny of plant 6629B-5 (&; 2 + +/E SPm Z&m) 
From first ear, main stalk = culture 6683, tables52 ~~~453 
From second ear, main stalk = culture 6684, table 5r) 
From ear of tiller = culture 6685, tableS52w& 53 

y&Q: 13 
25, Progeny from ear of tiller of plant 6683D-2 (Pr +/pr S&) - = culture 6878, table 55 

$&' 
25. Progeny from ear of tiller of plant 6685F-3 (Pr +/ET a)., = culture 6882, table 5b 

d 
28. Progeny ssidih plant 66856-2 (Pr &&r +) = - - culture 6875, table 57 

28. qrogeny of plant 6684-D-l (Pr Spm/pr +) t- .':',:.'C i.'i. - / I&, 3 - 
From pollen*,‘ = cultures 6880 and 6881, table t ; 
From self-pollinated ear of tiller = culture 6879, table 5: 



q 

290 Progeny of plant 6680F-4 (See text, page ) = culture 6874, table 
.k \ !A +,* I :! ' 30, Progeny of plant 6703E-10 (See text, page > = culture 687$, table 

31. Progeny of plant 68800-2 (See text, page ) = culture 6861, table 

32. Progeny derived from self-pollinated ear of plant 66656-13 (x SJ&~ +) (See table 24) = 
culture 6862, table 



"igure 3 

Constitution of plants in cultures 6683 and 6685 

1. Pr/Pr; 1Spm 

Plants in culture 6683: D-l, _ W, E-13 
Plants in culture 6685: F-l tiller ear, G-& H-6 

2. Pr/Pr; 2 linked Spm D-4 
Plants in culture 6683:&D-5, E-7 
Plants in culture 6685: F-l first ear of main stalk, H-3 

3. Pr/c; 2 linked SPm plus 1 Spm, not linked to/others 
Plant 6683C-4 

4. 2 + +/E Spm Spm ear of main stalk-1 ..__ _ 
Plants in culture 6683: A-2, C-l, C-2, C-3, D-2,$%-<, E-10 ~ ..,,. 
Plants in culture 6685: F-5, G-l, H-4, H-9, H-14, H-15, H-l?, H-18, 

H-LO, H-21, H-25 

5. 2 +I'= SJ& pl~,s 1 non-linked Spm 
Plant 6683E-4 

6. 2 +/x Spm D-&ear of tiller 
Plants in culture 6683: A D-3, E-8 
Plants in culture 6685: F-4, G-3 first ear main stalk, H-5, H-10 

7. Pr/pr; 1 Ypm not linked with?pi;c‘0lr3P'~e~~,~Be,osely linked with it. \ 
Plant6685H-24 



Figure 4 

Constitution of plants in culture 6684 

LPrSPm/pr+ 

Plant 6684DA 

2.-z Spm @m/z + + 

Plants D-2, D-3, E-5, E-16 

3. J&r; 2 linked Spm 

Plants 6684A, E-8, E-9, E-11 

4. p&r; 1Spm 

Plants 66843-2, E-3, E-4, E-12, E-13, E-15 



-C'igure 5 

Plant 6683B-2 $ x 
m-l (&ofp Wr?~'~ 

%- /\ a2/al sh2 

664lA-5 (See table 19) 67 

El- m-1 (state 57198-l) Sh2/ slH1 (state 5719A-1) a2 

Pr %-by& + pr/pr 
y/y: xh 
.J..- wx wx /.- wx wx 

---‘--A 
c- Progeny grown in 1955 under culture number 6888: m-l 

? 
Plants either q- 

m-l 
El- 

6888 A and B = plants derived from uniformI!* pale colored, Pr,Y Wx - 
6888C = Plants derived from colorless kernels with few Al dots, Pr, 

68881) = Plants derived from colorless kernels with few Al dots, Pr, 
1J.N 

Z&2/glm-1 Sh2 or 

(,A11 but 1 plant in culture 6888 crossed by one of four plants in culture 6861 
4 

Constitution of plants in culture 6861: All were gl sh2/gl sh2, ;y. Spm-s/x +, Wx/Wx 

Plants 6861- 1 -py/pr 
Plants 6861-f&d-$ were pr/pr 

-1 
Plant 6861,crossed to plants 6888A-1, B-3, C-l, C-3 2nd ear main stalk, D-4 

II 6861-5 crossed to plants 6888A-4, C-2, C-3 1st ear main stalk, C-4, C-5 1st and 2nd ear, main 
stalk, D-l pws-5 

11 6861-7 crosse $0 plant6 6888B-1 
4 

I? 6861-8 crossed to plants 6888A-3, A-5, B-2, D-6 

{state 5'118) 
g,Plant 68j?-1, glE-'(state 5718) Sh2/alE-1&2, pr/pr, dx, wx/=, crossed to plant 0888%2 ~QQ.&~~J~: 

i', 3 ';C c+ ' 



P  I-* F igure  5  (con tin u e d )  
. c-  

P rogeny  o f p lan ts in  cul ture 6 8 8 8  g r o w n  in  th e  s u m m e r  o f 1 9 5 6  
1s t ea r , m a in stalk 5  

1 . Cu l tu re  7 2 6 2  from  kerne ls  o n  ea r  o f p lan t 6 8 8 8 C - 3  A  x 6861 -5a (see  a b o v e  fo r  cons titu tion )  

% 1-  m 'l(state 5 7 1 9 A - 1 ) ~ 2 /~ l~ -1(state 57194- l )  S h 2  

7 2 6 2 A : F r o m  kerne ls  th a t we re  un i fo rmly  pa le  co lo red , S h 2 , 3 , x 
7 2 6 2 B : F r o m  kerne ls  th a t h a d  m a n y  A l spo ts in  co lor less backg round , sh ,, 

7 2 6 2 C : F r o m  kerne ls  th a t we re  co lor less wi th fe w  A l spo ts, sh2 , P r9  x C U Q  p q .L l & @ srl 
7 2 6 2 D : F r o m  kerne ls  th a t we re  colo l r less wi th fe w  A l spo ts, S h 2 , 2 , x (w  w G & T i($ lCbsl  

second  ea r , m a in stalkb 
2 . Cu l tu re  7 2 6 3  from  kernB ls  o n ,lixx o f p lan t 6 8 8 8 C - 3  (see  a b o v e  fo r  con ,& tu tion )  x 6861- l j i (see a b o v e  

fo r  cons titu tion ) . 
7 2 6 3 A : F r o m  kerne ls  th a t h .id  m a n y  d o ts o f A l in  co lor less backg round , Y r, z sh2  (  csQ - Q  Jpd j  
7 2 6 3 B : 1 1  II 1 1  II II II II I1 II II II 

9  P r d L  

7 2 6 3 0 : F r o m  color less kerne ls  wi th fe w  1 1 1  d o ts,"= , Y  S h  (  R e e  "c\gfJq k i% b Y P M P b $ )  
~ 2 ( Q q q W )  

--2, 

7 2 6 3 D : II I1 II It II I1 II 
_  \ 9  ;*.a i Y  S h 2 ,, (  S E e  .. l$ QJJ.4  k f i Locm@bj )  

3 . cul ture 7 2 6 4  from  kerne ls  o n  ea r  p roduced  by  cross o f p lan t 6 8 8 8 D - 2 %  x 6857- l ' (see a b o v e  fo r  
cons titu tion ) , 

-1  a+ - - '(state 5 7 1 9 A - 1 )  ~ 2 /$-l(;t-te 571gA- l )  S h 2  

3  j pm-wyx+  

y/y. 
/.- wx  wx  

7 2 6 4 - A : F r o m  kenne ls  th a t we re  un i fo rmly  pa le  co lo red , a 2 , 2 , &  
/ 
i, r"'-i 'L'-ir: \ yi 7  05- j  

7 2 6 4 1 2 1 : F r o m  kerne ls  th a t we re  co lor less wi th fe w  $  d o ts, S h 2 , 2 , &  ~ ~ ~ ~  & 7 @ 4 .d  W 6 3  



Figure 6 

Constitution of plants in cultures 7262 to 7264 having Spa-w but 
no Spm-2. The types of kernels appearing on the testcross ears of 
these plants are entered in table 65. 

2 Spm-w/z + : Plants 7262C-1, C-2, D-l, D-2, D-4 
7263C-2, C-4, C-6, D-l, D-2 
7264B-1 to B-10 

Pr +/pr Spm-2 : - Plants 7263D-3, D-4 

Pr/pr; 1 Spm-w : Plants 7262C-5, C-7 

Pr/gfr; 3 Spm-w : Plants 7263C-1, C-3 



"igure '7 

Constitutions of plants having jpm-s in cuitures 7262 and 72i;3 

No e-w in plant (m-b-&b&-, / 

1. x -t/x a-s; Pr/Pr Plant 7263x-5 
Wpr Plants 7262B-4; 7263A-1, A-4, A-6, A-7 

.J, z +/x L&n&l-g plus 1 Spm-s; Pr/g Plant 7263A-3 

Vf-L 
3. g +/y, sJII&g; w plus~~-~ Plant 7262B-2 

4 

‘t, J/x; 1 e-2; Pr/Pr Plant 7263B-6 

Pr/pr Plants 7263B-3, B-9 

3, J/X; 2 Spm-2; PT/pr Plant 7263B-2 

*-w present i&plant 

\- Y+/xSpm-2; Pr Spm-dz + Plants 7262B-1, B-3, B-5; 7263A-8 (,;:3,&.it t';jm 

z. ux; 1 $~-s;,Pr Spm-w-/E + Plant 72638-2 fl'~.h (71 

3. s/x; 1 Spm-s; 2 Spm-v/ pr + Plants 7263B-1 , B-4, B-8 ( c:. .‘; 'I :y't' 6%: 

y . J/X; 2 SJXJ-2; 2 Spm-w/x + Plant.7263B-7 ' .L' ,:'4<,68 
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~ul-ture 7456: Prom kernels on first e -.r of main -talk of .,'lsnt 7109b-1 , 
m-l (~133~ II) 

o7 

cross : glog~-l $y- Gt/92 b_t; Y/5 +-/wx tipm cx a2 bt/a2 bt, .ix/ :Gx, - __ no Spn A - 

Plxnts in B: Prom uniformly d:%rkpigmented, E;& :g kernels 

C: Prom diffuse-mottled, ?3_t, Sx kernels 

D: From colorless, "_t, '2 kernels w:th s uts of deep 
4 

-1 
Julture 7600: From unifor!:ly deep giggentzd k2xels on e .r 02 tillerAof 

pl':.;lt 7456C-3. 

Gross: ‘2 !!-+' (cl.;ss II) h3/&., b_t, ;'g +x "pm $ 

hlture 7598: 
3-t) 'i.J 

;i?rom uniforxlly d irk pi~~en~~ed,kernels 

st.:.lk of :>lznt 7456%5 

X +s2 'gt/q2 bJ, ix/'+ - no jpm ~7 - 
first 

on,e3r of :;i:Cn 

'Gulture 7599: horn ke:zels on e r pfoduced by cross of g2 bf;/a2 b_t, '~X/~~, $ 

no bixm $ x 5456%5 dfw &'I& 

%lture 7780: Jrom k::r:.;els on first ear Of l%iiIl 

kla ts in A from colorless, ct, ;$x kernels 

zlznts in b fron colorless, ]It, 'Cx kernels - 
pigmented arr-'LbsO 

stalk of $:?nt 75993-h 

specks of ;)igment 
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Spm constitution of plants derived from selected kei-nels on ears px=odv.ced 

by plant 6629A-1, are ente;qed in lines 1 and 2 of t::bleLF. 

Appearance 
of plant 

No. of 
plants 
having 
Spm 

Kernel type 
from which 

; No. of 
plants 

plant arose i tested 

S 3 taumbcr in plants i-a ving ti 
an its locr.tion with respect 
to the L alleles jp',srhffg 
ag vh~poIs~~\1lyIoI~~. 

- - - - - - . - - I -  - .” - - - -  _ . . _ .  ^ _. 

Unif0rmJ.y 
pigmented 

Pale,Sh,,Y_ 3‘ 0 ---w-B 

--------I 

Variegated, : i 
Sh,, y, I 17 I Variegated 

I 1~WUEB ywY+ 
1 had 2 $n, neither linked to 

Y 

Variegated, ' 
Sh,,x 9 

_.- 
/! 

Variegated a I/ 1 * in all 8 plants 

Variegated, 
sh2,Y 1 Variegated 

Colorless, 
g&7-, y, 30 1 Won-pigmented 

Coloress, 
sh_, x 

: 
24 ' Non-pigmented 6 ; 1 Spm in all' 6 :-:lants 

,' 
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